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BRUNSWICK HONEYCOMB IS MIRACLE METAL! 


Brunswick Laminated Honeycomb 
weighs only .0005 of a pound per 
square inch, yet this miracle in 
metal can support over lOOOpounds 
per square inch. Metal honeycomb's 
high strength to weight ratio, re- 
sistance to sonic vibration, resist- 
ance to flexure are Just some of the 
many advantages it oilers aviation, 


Leading producers of military air- 
craft regard Brunswick as the prime 
supplier of compound contoured 
honeycomb components. Brunswick 
has earned this reputation. Experi- 
ence and engineering skills in depth 
are furthering it ! Every phase of 
production is held well within the 
tolerance limits by skilled research. 


Whatever your problem in metal 
honeyeomb, conventional metal- 
work or in reinforced plastics, 
Brunswick can do the complete job 
. . . from design right through fab- 
rication and testing. Write today to; 
The Brunswick-Balke-Collender 
Co., Defense Products Division, 
1700 Messier St., Muskegon, Mich. 


BRUNSWICK 


MAKnS YOUR IDRAS WORK 



Got a problem for irldch rubberized fabric wight provide the anstcer? Why 7>ot talk it over 
with Goodijear—pimieer in tailoring rubberized fabric to fit any application. Address: 
Goodyear, Aviation Prodtiets Division, Akron IG, Ohio, or Los Angeles 5i, California. 
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YOU CAN DEPEND ON 
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flutter dampers 



WRITE FOR TECHNICAL BULLETINS giving complete 
performance and operational data. 


“d — Houdaille 

Industries, Inc. 

dutpise dtvicn la BUFFALO HYDRAULICS DIVISION 

° ' sar 8AST DEliVAN AVENUE a BUHAIO II, NEW YORK 


AVIATION WEEK, June 9, 1958 



AVIATION CALENDAR 


designed 
for jet engines 

CEC's economical vibration pickups 



TrmsiucerDUUon 0 

Consolidated 

Electrodynamics 


(Co.,Bm,ed f»,„ !) 









RYAN BUILDS BETTER 


RYAN BUILDS ONE-HUNDREDTH 
BOEING JET TANKER AFT FUSELAGE 


RYAN HAS YEARS OF EXPERIENCE 
IN MISSILE DESIGN, GUIDANCE, PROPULSION 


FiCAF. Ryan has also carried out eitensive research on 
air-launched vehicles and is engaged on a new project 
for an advanced type nuclear weapon delivery system. 

GUIDANCE-Developmentof advanced military radar 
systems for supersonic missile guidance; RANAV 
<Ryan Automatic Navigation) Doppler systems; and 
ground speed indicators and hovering devices for heli- 
copters, airships, and VTOL aircraft. Ryan is a pioneer 
in continuous-wave radar techniques. 

PROPULSION-Manufacture of powerful liquid 
rocket motors for surface-to-surface mssiles; ramjet 

major high temperature components used by turbojet- 
powered missiles. 


VERTIJET^CAN GIVE 
U.S. THE ADVANTAGE 
IN AIR POWER 


f aircr^^Rpower plants I electronics! 

Ryan Aeronautical Company* San DiegOf Calif. 1 



To increase the flow of intelligence 


The ever increasing communications requirements of the fast 
approaching space age demand improvement and better utili- 
zation of every transmission channel. Westinghouse is solving 
many of the problems by converting advanced information 
theory into practical designs and equipment. 

Westinghouse Electronics Division is designing, developing 
and producing communications systems to meet present and 
future challenges of intelligence transmission. 

Westinghouse Electronics Div., PO Box 1897, Baltimore 3, Md. 


WESTINGHOUSE 

ELECTRONIC^ 

DIVISION^;^^^^'^^ 



MIltTARY SYSTEMS 

COMMUNICATIONS 
MISSILE CONTROL 
OATA PROCESSING 
AND OISPLAV 


you CAN BE SURE ...IP rr^\\^stinghouse 
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EDITORIAL 


European Research Program 


Some five years ago, the Air Research and De\clop- 
mciit Command established a Kuropcan office in Brus- 
sels to organize a program enlisting tlie best technical 
brains of Europe in its basic research program. At this 
late date, it should not be necessary to emphasize the 
major scientific contributions made by European re- 
searchers, not only in basic work but also in many 
specific U-S. development programs such as atomic 
weapons, supersonic flight and asionics. Suffice to say, 
it has been substantial and ARDC was on sound ground 
in assuming the U.S. had no monopoly on technical 
brains. Nor can our own technology achier c maximum 
progress without actisely enlisting the support of the 
best research ability wheres’er it can be found. 

Recently, we spent a pleasant afternoon at ARDC’s 
Brussels office with Col. Lee Gossick, now bead of the 
European office, and his director of technical operations, 
Lt. Col. Raymond Nelson, to take a fresh reading o.i 
how this vital program is progressing. \\'c were happy 
to find that one of the many beneficial effects the Soviet 
Sputniks had on U.S. support of research and develop- 
ment has been a marked acceleration of this effort to 
utilize European research specialists to cover gaps in 
resources and capabilities of US.AF’s basic research. 

Operated by ARDC's Office of Scientific Research 
from a bare beginning of 1 5 contracts valued at $250,000 
signed in Fiscal 1955, the operation had grown to a 
volume of 203 contracts valued at 53 million last year, 
svith the program mote than doubling since the first 
Sputnik began orbiting. It noiv arranges for the ssork 
of about 1,500 European researchers in 16 countries at 
a total cost in ARDC oserhead of about S^OOjOOO. This 
low overhead cost is an outstanding feature of the .ARDC 
European office which docs the job with a total of only 
44 people, of which half arc simply clerical. 

l lic Euro|)can office had tough sledding in its earlv 
days. In the Wilson-N'ewbury era, basic research was a 
dirty word in the Pentagon. ARDC's entire effort >n 
this field, both domestic and foreign, staggered along 
on a starvation diet from which tlic effects svill be felt 
for a long time. European scientists, most of whom arc 
in iinisersitie.s rather than the industrial complex, didn't 
relish the idea of working with the U.S. militarv for 
a \ariety of reasons, including the then-rampant McCar- 
thyisni. Gen. Thomas Power, then ,^RDC commander, 
gave the European effort a big boost as part of his cam- 
paign to reorient ARDC toward a big "R" for research 
and a smaller "d" for development but even as late as 
October, 1957, USAF's research programs were getting 
the sharp bite budget act. 

Beeps of the Soviet Sputniks have had a major effect 
in stimulating relaxed purse strings for basic research 
programs, and fortunately the European program has 
not been neglected in this effort. Since last fall, when 
it had a backlog of 125 .ARDC-approved proposals from 
European scientists sitting on the shelf for lack of funds, 
the European office has shifted into high gear. It now 
has a total of 242 actise contracts totaling S5 million 
in value with 40 approred proposals totaling S637.000 
in the procurement mill and with S2 more proposals 
planned for a $3 millioiB expenditure under active study 


by the European office and ARDC's centers in the U.S. 

Roughly, here's how the European office operates. It 
invites research project proposals from European scien- 
tists. Its 18 officers base ranged all over Europe, from 
Scandinas'ia to Turkey and Israel, dealing with specialists 
in particular fields that fit into gaps left by the domestic 
OSR program or in fields where the U. S. has limited capa- 
bilitv, lliese proposals arc sent to the appropriate U. S. 
ARDC center, mostly to OSR and Wright Air Des elop- 
nicnt Center, for study in siew of the over-all ARDC 
program plus a check on methods to be used if the 
proposal fits ARDC's program- Approval goes to the 
Ehiropean office, which then writes a contract with the 
researcher and rcceires the finished product. Finished 
product is simply paper— technical reports, with the sin- 
gle exception of prototype development of carcinotron 
tubes in France. 'Hiesc programs do not cal! for any 
liardwarc development. The program operates in gen- 
eral fields intcrc.sting to USAF, including biosciences, 
chemistrv, combustion, electronics, geophysics, mathe- 
matics, materials, mechanics, metallurgy, physics, propul- 
sion and solid state sciences. 

Here are some titles of finished reports selected at 
random: Meteor Trail Measurements by Radio Detection 
Means by Dr. Los'ell, University of Manchester. Eng- 
land; Research Conditions Surrounding a Body Moving 
at High Speeds in Ionosphere by Dr. Devinenne, Medi- 
tenancan Research Laboratorv in Thermodynamics, 
Nice, France: Research on Ring Airfoils by Dr. Weiss- 
inger, Karlsruhe Technical Institute, Germany; Research 
on Closed Cycle Gas Turbine bv Dr. Keller and Pro- 
fessor .Ackerct of Eselier— Wyss Ltd., Zurich. 

All technical reports are unclassified and available 
through the Anned Services Technical Information 
Agency in Washington. Authors are free to publish 
these reports in technical journals of their own choos- 
ing and many do. Researchers retain any proprietary 
rights to their work except where the U.S. government 
is concerned. However, many ap))lic3tions of this re- 
search di.sappear behind the security curtain when in- 
volved in specific hardware development programs. 

It is always hard to pin|30int the value of any specific 
piece of basic research— a fact Congress has yet to learn. 
However, research in electromagnetic propagation done 
in EurojJe has suppicniented limited U.S. capability in 
this field for the USAF Cambridge Research Center. 
Centripetal pump developed by Dr. Markus Reiner, of 
the Israel Institute of Technology, Haif.i, as a research 
tool for his air viscosity studies for ARDC, is an exciting 
indication of a Itasic new approach to boundary laver 
control or a possible revision of the basic theories of 
aerodynamics. 

Because of the European academic salary standards 
plus the fact that the Europciin office adheres to them, 
the research dollar goes about four time.' farther than 
for similar work in the U.S. However, in addition t:) 
economy of operation plus technical results achieved, 
.ARDC’s basic research program in Europe has done a 
tremendous job in the establishment of ties of mutual 
respect between the European scientific coi’V'mnity 
and the U. S. -Robert Hotz 






effectivate* the most complex systems 

train with ERCO devices 


The hyman focror becomes propoflionolly more eriticof os the operohon of modern 

"Short term" miliiory personnel responsible for operating mjlti-million dollor 
defense equipments, must be brought to the highest degree of troining 
in the shortest possible time. This "Mon-Mochine" link is criiicol to our notional 
defense — ond to be prepored we must be in o position to Effectively Activoie" 

These ERCO "Humon'engineered" troining devices ore designed to safely, quickly, 
economicolly, ond efficiently bring obout proficiency in operators at oil levels 

os background we ore meeting new training requirements os they orise . . , 
providing sound, reolistic training devices to government ond industry. 

Write today for "The Mon-Mochine Doto Link," ERCO Plont Nuclear Products — 
ERCO, division of ACf Industries Incorporated, Dept, MT, Riverdole, Md, 

DESIGNED AND BUILT BY 


NUCLEAR PRODUCTS -ERCO. Oi VISION OF QCf INDUSTRIES I NC.. R I VERDAUE, MARYLAND 



WHO'S WHERE 


In the Front Office 

Ronald DuclcvoTtli succeeds Btron F. 
Slicirill as assistant to Ihc board chaimian, 
Trans World ,\irlincs, Inc. -Mr. Slicttill b 
now general inanaftc of La Nica, the 
Nicaraguan Airline. 

Philip S. Fo^ resumes Ihc presidency 
and continues as Itoard chairman, Cortsuli- 
dated Elcctrodyitaniics Corp., Pasadena, 
Calif. Hugh F. Colvin now senior vice 
president in cliaigc of Pasadena divisions. 
.Also: Kciinctt W. Patrick, vice president 
in charge of Monrovia divisiuns, and Frank 
M. jenner. vice president-Rochester Div, 

fohn W. Canow, 111. a vice president, 
Ilaveg Industries, Inc., W'ilmington, ITcl. 

Honors and Elections 

Dr. Joseph C. Patrick, one of the foiind- 
ecs of 'Iliiokol Chemical Corp. and now a 
consultant to the company, will receive the 
19S8 Charles Goodyear Medal, the highest 
honor in rubber chemistTV, at the national 
meeting of tlic .American Chemical Soeiets 
in September. 

Capt. David R. Hull (USN, ret.), a vice 
president of Ravtheon Manufacturing Co., 
lias been elected president of the Elce- 
tfonic Industries .Assn., AA'ashingtoii. D. C. 
Mr. null succeeds Dr. W. R. G. Baker, 
former vice president of Cencial Electric. 

Changes 

Alfred B. Bowman, manager of flight- 
Eastern region, .Arocriean .Airlines, liic. 

AV'. S. Bobict, chief engineer, Detroit 
aclivity-Acto Hydraulics Divbion, A'ickcis, 
Inc., betroit, .Vlich. 

Wilson M. .Alford, chief inspector, Ham- 
ilton Standard, disision of United .Aircraft 
Corp,, Windsor Locks, Conn, Mr. .Mfoid 
succeeds AA'ilfred H. Shaw, now assistant 
AA'cst Coast representative iLos -Angeles) 
fur Ilamiitoii Standard aeionaulical equip- 
ment. Unrted .Aiicraft Service Corp. 

Eugene |. A'igitcton. maitager-^^eedham. 
Mass., operations, Sylvania Electronic Sys- 
tems, Sylvania Electric Products, Inc., 
Waltham, Mass. 

Roger A. Merritt, manager, Cox Instru- 
ments ITivision. George L. Naiikersis Co., 
Detroit, Mich. 

L. K. Swift, special assistant to the 
manager-production and procurement. -Aero- 
nautical Division, Minneapolis-Honeywcll 
Regulator Co.. Minneapolis. Minn. Ed 
Lund succeeds Mr. Swift as director of 

Dr. Joseph M. Denney has joitted the 
miclcar electronics department of Hii|hcs 
-Aia-raft Co., CiiKer City. Calif. 

L. C. AA'olcott, director of sales and en- 
gineering. Packard Electric Duision. Gen- 
eral Motors Corp.. Warren. Ohio. 

Jerome I- Davis, general manager. .Aircraft 
Equipment Division, Consolidated Diesel 
Klceftie Corp., Stamford, Conn. 

Edwaid J. Forisch. engineering assistant 
lo the president, .Actol .-^ociates, division 
of Cleveland Pneumatic Indnstiies, Inc.. 
Cleveland, Ohio. 

Robert P. Tliompson, assistant ehief en- 
gineer, .Airatcrta. Cieisdalc, Calif. 


INDUSTRY OBSERVER 

► Army reportedly will tiv to JauiicJi earth sateJlites without rocket boosters, 
using iindcrground explosion forces, possibly ftoin a nuclear bomb, to drive 
protcctiselv encased satellite up a shaft in flic earth wliicli seises as a 
guidance "pin barrel." Program may be related io similar Advanced Research 
Projects cAgeiicv project designated "bomb-powered rocket.” Army is asking 
that future satellite avionic equipment withstand H.OOOGs for 8 milli- 
seconds, the same as its shock lequitcments for electronic prosimity fuzes 
used in Sold projectiles. 

► Life science studies arc being pushed in Air Research and Development 
Command's bio-satellite project, designated Man-in-Spacc-Soonest. eycn 
thotigh the prograin has not yet been funded, indicating ARDC's intention 
to meet projected sclicdules, 

► Russian hypersonic glider project similar to USAF's Dyna-Soar program 
alreadv lias entered the development stage. Effort is based upon the early 
work of German expert Eugen Saenger which has been expanded by Soviet 
scientists- 

► Ravtheon's Sparrow III radar-homing guided missile developed for Navy’s 
Bureau of Aeronautics has a pointed ceramic tadomc mea.suring about 22 in. 
in lenglli and about 8 in. in diameter at the base. Companies supplying 
ceramics for various missile nose cone applications include Gladding, McBcan 
& Co. and Coming Glass AA'orks. 

► .Air Force has requested $11 million for initiation of research and develop- 
ment on a dispersed site fighter for theater tactical operations in the I'iscal 
1959 budget. It previously had $2.2 million for this fighter in the F'iscal 
1958 budget. 

► Initial development on a single pump and a suiglc gas generator for the 
Atlas ICBM engines has been com|>lcted. Atlas now uses a booster with two 
cylinders and one snstainer engine, and each has its own pro|x;llant pump 
and own generator. 

► U. S. officials were aware in Fcbiuarv that the Soviets intended to place a 
satellite weighing more than 2,500 lb, (Sputnik 111) into orbit in May. 

► First Jupiter intennediate range ballistic missile squadron to be used by 
USAF will |)reciscly follovv Army’s plan, but subsequent units will have more 
launchers and reaction time will be reduced. Air Force did not make any 
changes in the first unit because if would have delayed introduction of the 
weapon, 

► Cost of an IRBM squadron plus a base built from scr.itcli will cost Air 
Force an estimated $70 million- Once a base is established, cost of an addi- 
tional squadron plus its necessary installation and equipment will bo an 
estimated $43 million. 

► Ajrproximatclv half of the first 603 B-52s ordered by Air Force have been 
delivered to operational units. Initial quantities of the model-im)vrovcd 
B-52G will reach the inventory late this year. 

► Russia has built a dual-control trainer version of its two-place Ka-15 
coaxial helicopter. Designation is UKa-15. 

► Ultimate flvaway cost of Cnnvaii's intercontinental ballistic missile is 
expected to bit SI.fi million. Unit cost of the 'Ibor IRBM in production is 
cxfiectcd to be $735,000. 

► N'avv is proposing a followup to tlie Vanguard satellite program incorporat- 
ing Army's Jupiter topped by tlie upper two stages of Vanguard. Payload 
vvciglit probably would include vehicles of 50 lb. to 300 Ib- 

► General Electric is working with its subcontractors towards adaptation of 
its J85 small turbojet for flights of up to Mach 4. 
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THE ARMY'S H-aSD RAVEN; 
INVESTMENT IN TOMORROW 


Over 20 major improvements distinguish the H-23D os one of today's 
most odvonced helicopters. But severol features in particular verify 
its unmotcbed growth polenl/oi, which is o prime requisite for the 
evaluation of any helicopter investment, 

Basic Ruggedness: The H-23D hos the highest flight and landing lood 
sofety factors of ony two or three ploce helicopter flying today. 
Component Life: The H-23D's 250 horsepower is available full-time, 
without restrictions warning of jeopardized service life. In fact, all exist- 
ing components ore designed to accept considerably greater horse- 
power and to attain on overhoul period beginning ot 1000 hours, 
functional Versatility: More power... more cobin space ... further 
qualify the K-23D as a multi-mission helicopter, backing up a basic 
Army concept; more utility from fewer units. 

The H-23D is now prepared to receive o new 305 horsepower 
engine, without further major modification. The resulting 
UH-12E (prototype now flying) has already demonstrated 
a performance which will copture new missions beyond these 
previously conceived for this helicopter class. 
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Washington Ronndup 


Reorganization Fight 

President Eisenhower has reversed his position and 
decided to fight it out with the House .\rmcd Services 
Committee headed by Rep. Catl Vinson (D.-Ga.) over 
the proposed reorganization of the Defense Department. 
Ilie measure is slated for House action. 

A feu weeks ago, the President commended the com- 
promise legislation unanimously approved bs' the House- 
group. ’2 to 0, raising onlv two objections to it in mild 
language (AW Maj- 26, p. 25). 

But as the hour for floor action approached, the Presi- 
dent issued a strong blast against prosisions of the mc;is- 
ure at variance with his own plan which, he declared, 
would "continne to emphasize disunitv- and separatism 
witli the Defense De-partnvent. Tlrey continue to imply 
Congicssional approval of wiistefiil duplications, adminis- 
trative delays and inter-service rivalries." Tlie provisions 

• Require the Secretary of Defense to administer the 
department through the three service secretaries. This, 
the President declared, "puts a premium on intransige- 
r.ncc bv lower Pentagon levels.” He said it would give 
"the color of legality" to "frietions, delays, duplica- 

• Require congressional review of uny change ot abolition 
in "major’’ combatant functions. This, the President pro- 
tested. "allows one miht-.irv man to hold up defense 
improvements for many months and perhaps block them 
altogether." 

• .Authorize the service secretaries and chiefs of staff to 
present their individual views to Coiigtess .iftcr first in- 
forming the Sectelarv of Defense. The President chal- 
lenged that this "invites insubordination to the President 
and Sectelarv of Defense, endorses the idea of disunity 
and blocking of defense iiiodeniizations. suggests that 
Congress ’hopes' for disobedience and inter-service 
liv-jlrie-s." 

House Republican leader Joseph Marlin (R.-Mass.) 
.Old Rep. Clarence Cannon (D.-Mo.), chaitinan of House 
-Appropriations Coiimiittee. ate Ixickiiig the President. 

Soviet 'Fishing' 

Half-dozen Soviet "fishing ships" riding at anchor in 
iiiteriiational fishing vv-aters 100 miles off TAova Scotia 
are suspected of rccomioitcring new viit defense and anti- 
missile radars undergoing test in vicinity of Boston, les-s 
than 500 miles away, l-'act fliat miinhcr of ships seldom 
varies and that a depvirting ship is alwavs replaced sug- 
gests tliat Soviet ships arc seeking to learn characteristics 
of new radars for possible electronic countermeasures. 

No Fixed Profits 

Defense Departnrent has assured House .-Appropriations 
Committee it will have a uniform set of cost principles 
to apply to militarv contracts bv the end of flic veat. 
On profits, the Defcn.se Department is firmiv resisting 
some congressional pressure for a fixed profit limitation. 
Perkins McGuire. Assistant Secrc-tarv of ITcfcnsc for 
Supplv- and Logistics, explained to the committee: 

"We fed that policy guidance in the field of profit 
.illowanc-e must l»e stateS in rather general terms since the 
t.ictors affecting a reasonable rate of profit vatv- in each 
contract. AA'ithin the aircraft indiistrv. for inst-ance, there 
are wide variations in the factors wliich determine a rea- 


sonable rate of profit such as in the extent of govcinment 
assistance, in the risks assumed by these contractors and 
in the cffidGncy with which contracts arc performed. 
Accordingly, vve do not feel that it would be appropriate 
to establish any specific profit range applicnblc to this or 
(vthcr industries. . , . The Congress has recognized in the 
Renegotiation Act the factors which detc-nninc a reason- 
able rate of profit. . . .’’ 

Communications Compromise? 

Compromise which might enable airlines to operate 
Doppler navigators at 8,800 me. for tire life of the equip- 
ment or some other reasonable period, prov-iding they- are- 
willing to risk interference from military radars, may 
comc out of an impromptu discussion by airlines, Defense 
Department and hedcral Communications Commission 
representatives at last neck's Armed Forces Comimmiea- 
tions and Electronics Assn, convention. Interested parties 
to the frequency allocation conflict, vvhicli threatens to 
block Ciirly airline use of Doppler radar (AW htay 26, 
p. 55), may- liold formal meeting soon to attempt to 
vv-ork out details. 

Navarho Halted 

Ait Force has halted development of Navarho long- 
range navigation system and will use self-contained air- 
borne Doppler and/or inertial systems for its combat air- 
craft. Air Force plans no further long-tango ground-based 
iiav-igiition system developments for tactical use, Lt. Col. 
D. J. i-'tetmd told the Armed Forces Communications 
and Elcctroiiicv Assn, convention, l-'reund, depiitv chief, 
Nnv-Aids Branch. US.AI-' headquarters, flatlv denied re- 
ports that Doppler auto-navigators might replace Tacan 
for sbort-raiige navigation, saying that Tacan would 
lemviin USAi-’s primary- short-range svstem for at least 
the next decade. 

Durfee Warning 

Civil Aeronautics Board Chairman James Durfee hist 
week warned against the abandonment of existing air 
safety- machinery- in favor of "a shinv new ageiicv- that 
will somehow-, magically, produce safety in the air.” 
Ilciwcvct. Durfee apparently was not voicing opposition 
to the proposed Federal .Aviation Agency (see page 26). 
He was urging that air traffic progress attained thus far 
not be dropped because of high hopes for a complete 
panacc.i that will solve problems overnight. 

Missed Opport’unity 

Nearly -tOO members of the House missed an oppor- 
tunity- last week to participate in an event that inav 
eventually change the nation’s vvuv of life. Less than -tCI 
representatives were on hand when the Hou.se voted to 
create the National Aeronautics and Space Administra- 
tion to lead the U-S. in the exploration of outer space. 
Although little fanfare was attached to the passage. 
Rep. Kenneth Keating IR.-N.Y.), a member of the 
House Space Committee, said; "Taking the long view. 
I am convinced that this bill mav well be the most 
significant legislation to come out of the current Con- 
gress-or, indeed, to come from many Congresses. It 
has the word ’historv-’ stamped all over it.” 

— AA'ashington staff 
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J58 Reflects Navy Development Changes 

By J. S. Blitz, |r. 


West Pulm Beach, Kla.— ChiUigin| 
Na\A- pliilosopliv of jet engine dcietop- 
iiient is being reflected in Pratt & 
Whitney's J5fl Mach 3 turbojet now 
luiining on tlie test stand. 

New philosopliv calls for a sharp 
increase in the number of running 
lioiirs logged before an engine com- 
pletes its 1 50 hour test and is accepted 
lor production. 

I he moie reflects Navi- experience 
showing that the ultimate cost and op- 
erational success of an engine in fleet 
use is almost a direct function of the 
amount of testing performed during 
the development period. 

In the past as few as eight experi- 


mental engines haic been authorized 
for a complete development program, 
lee])ing lest bouts low and often re- 
sulting m lone delai-.s for repairs and 
tehiiilding. Under the new polici', 
Pratt iSr Whitnci nill build apptoxi- 
inatcK 30 test J58s in the i-xperimental 
sliop of its ncM- I'lorida facility, iihieli. 
to be conipletelv accurate, should lie 
IcrmctI a small factory, 'lliis shop. p,irt 
of a 550 million Pratt &• Whitney in- 
lestmcnt, contains S28 million ivorth of 
the largest and ino.st modern machine 
tools supplied by the Naiy 
Florida Test Focilities 
Testing facilities at the Ilorida site 
now consist of four open air jet engine 
test cells located a few miles from the 


engineering offices and shop so that 
they do not requite soundproofing. 
Instrumentation of these cells and 
other test areas has been sfarterl with 
a SIO million autlioriiition from the 
•\it force. 

.\ltitvrcle testing of the J5S iiill be 
conducted at Pratt & Wliitncy's Will- 
goos Ijboratory at fast Ilartford, 
Conn., and in govorimient facilities. 

Ihc J5S gives the U.S. a backup 
ptogtiini and two turbojets in the Mach 
3 class. The other engine is General 
fketric's J93 which already has been 
designated as tlic pmverplant for two 
.\lacli 3-plus North .imerican airaaft 
for the -'\ir force-the six-enigine B-70 
liomber and the twin-engine f-lOS 
long-range intcreeptor. 

Naiv has not let contracted for a 
Mach '3 airframe to be mated with the 
J58. Recenl statements bv Naiv offi- 
cials indicate that they believe tliat the 
engine deielopnient time will be much 
longer than that for the airframe, 
'niercfore. an a|ipropriatc airframe and 
its exact mission would be determined 
after the powerplant's capabilities be- 
come mucli more definite. 

Apparent reason for this approach 
is the serious cUfficultv the naval air- 
craft program suffered several years ago 
when tile fffO engine failed to meet 
its original specifications- .-\ major por- 
tion of the Navv’s new aircraft designs 
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CURTAIN at the rear of the f58 (right) conccaU the afterburner. Pratt &• Whitney will build 30 test J58s in Florida. 


at the time had been predicated on 
these specifications. 

Boron fuels arc being used experi- 
mentally with troth the J38 and J93. 
Proper use o( the chemica] fuel and 
its ultimate availabiUtv and attractive- 
ness as to cost ate apparcntlv still some- 
what uncertain. 

To achieve the most efficient air- 
frame design for a given mission, how- 
ever. the- decision to burn either chemi- 
ca] or petroleum fuel or some definite 
combination of the two must be made 
at the verv beginning of tlic design. 

The Pratt &■ Whitney facility in 
Florida is located on a 10 mile square 
tract which is over 10 miles from any 
populated area and about 18 miles from 
Paint Beach. Selection of this site on 
the edge of the Everglades for new en- 
gine development work was based on 
niiuiy factors hut the primary considera- 
tions included obtaining niaxintum 
isolation with close proximity to a de- 
sirable living area to attract personnel. 
Isolation Required 

Isolation vv-.is required to maintain 
good community relations while devel- 
oping very large and very noisy rocket 
engines and other liigli spe-ed power- 
plants tliat Pratt & Whitnev has long 
bevii rumored to he working on. Cim- 
finn.ition of a portion of tliis program 
came at the dedication of the facility 
when Lt. Gen. Clarence S. Iniiic, 
llSAl', deputy chief of staff of materiel, 
indicated that Pratt & Wliitncy’s ac- 


tivity included work witli hvdtogen 
fueffAM' June 2, p. 25). 

Initial investment of S30 million in 
company money in tlic Florida plant 
follows a vvcll-cstabiishcd United Air- 
craft policy of acquiring its own experi- 
mental facilities to speed development 
work without having to rciv on outside 
laboratories. During the past If) vears. 
tlic corporation has spent more tlian 
S200 million in construction of new 
facilities. 


H. M. Hornet, chairman of United, 
announced at the dedication of tlic 
I'lorida plant that the board of di- 
rectors liad voted to spend aiiotbet .550 
million within 15 months, the major 
portion at the Horidii faciUly. 

In speaking at tlie dedication. Ixitli 
Gen. Irvine and Rear -Adm. R. E. 
Dixon, chief of Navv ’.s Bureau of .Aero- 
nautics. called for more investment of 
this type by industry as the best 
method of insuring its future. 
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Mahon, Symington Hit New Complacency 


By Katherine Johnsen 

Washington— Ttt’o top Capitol Hill 
-iwkcsiiicn on militarv matters attacked 
tlic backslide iirto coinplaecnev toward 
the defense program since last (October's 
k’unching of Sputnik 1 in major 
s|>cechcs last week in the House and 
Senate: 

• Rep, Ceoige Mabon (D.-Tex.), chait- 
inan of the House .Appropriations Snb- 
ceinmittec on the Anned Services, said 
lhat "as a net proposition applied to 
defense effort, wo will perhaps be 
spending less in hiscal 1959 than in 
liscal 1958." 

• Sen. Stuart Symington (D.-Mo.) 
cliatged that at tlic time of Sputnik I 
"our defense strongtli was greater \is-a- 
>is the Communists than it is todav." 
Me protested that virtiuilly nothing has 
been done to implement any of the 
recommendations of the Senate Pre- 
paredness Subcommittee last January to 
.strengthen the U. S. militarv position 
i.AW I'eb. 3, p. 35). 

At the time, the reeomineiidations 
s'cre imanimouslv endorsed bv Repul)- 
liean and Democratic mcnitsers of the 
subcommittee he-aded bv Sen. l.sndon 
[olinson (D,-Tcx.). 

Ssiningtoii blamed tlie President and 
the .Administration: " Tiirongh a policy 
of inaction, this .-Administration is hand- 
ir'g military sii|)eriorits o\et to the 
Conimiinists; and tlic tceent tcclmol- 
I'linil and diplomatic defeats of this 
pohci. onh- serve to cmpliasi/e tire 
gnniing peril." 

Mahon made the blame gcnc-ral: 
Vow the Instcria is gone, the anger 
h.is ccKiled aiul the determination has 
been blunted. . . . Our emotions and 
lesolves Inn e run the whole gamut from 
lire peak of awareness and urgency to 
ihc humdrum plane of complacency. 
We haie slowed doim onr worries 
.iboiit siirviial and substituted the re- 
cession ... as a focal |)oint of interest. 
)S’c are thinking more about liow to 
keep up with the Joneses tlian how to 
keep up with the Russians in space 
tceliuologi and the cold war. W’e are 
wondering why . . . the people will not 
buv those big. beautiful, uncomfortable. 
e\pcnsi'e-to-opcratc .nitomohilcs that 
have been iiiamifactured for them." 

.Altliough tile S3S.3 billion in nen 
monev carried in the I'iscal 1959 de- 
fense bill (AW June 2, p. 22) apprmed 
b\- the House last week is 84.5 billion 
more than provided in I'iscal 1938, 
'lahoii pointed out that expenditures 
ivill be increased by only SI. 2 billion. 
' Ic explained the reasons behind tlic 
iclatively-small increase this way: 

• Over S700 million will be absorbed 
I'l" rcccntly-cnactcd pay raises. 


• S200 million is for increased con- 
struction, leaving a net expenditures 
hiCTcasc of S500 million for other de- 
fense activitics- 

"Expericncc shows that cost in- 
creases from inflation have accounted 
for about a iiiCToasc in defense 
spending eacli year." Malion said, "'lliis 
means, of course, that as a net proposi- 
tion applied to defense effort, we will 
perhaps be spending less in h'lscal 1959 
than in 1958." 

Mahon said that the 538. 3 billion 
h'lscal 1959 defense budget "does not 
icprcscnt a wild spending splurge for 
(he unattiiinahic. It is not an overly 
ambitioii.s npproacli to out defense 
problems, yet it is not a timid 
approach.” 

He listed these highlights: 

• S96 million for the North American 
B-70 bomber scheduled to succeed the 
Hoeing B-52. 

• S950 million for the intercontinental 
ballistic missile program— Atlas. Titan 
and Minuteniaii. 

• S758 million for the Convair B-58 
bomber scheduled as the follow on to 
the Boeing B-47, 

• S1.3 billion for Navy's Polaris fleet 
ballistic missile program. Combined 
With the previous program, this will 
provide funds for a total of nine Polaris 

• S2.7 billion for research and develop- 
meiit-Aii increase of S877 million over 
I'iscal 1958. 

• $152 million for reconnaissance satcl- 

• S138 miliion for projects to put man 

• S72 million for lunar probes. 

• S40 million for the iiuclear-povvercd 
aircraft program. Malion said. "\\’c will 
[irobahly he beaten to the draw in this 
field bee.uise our govenmient has elected 
to undertake to build a sophisticated 
and iiiilihitilv significant atomic air- 
|)lanc rather than try to rush ahead with 
putting an atomic airplane in the air 
which would be of little commercial and 
military importance-’’ 

Mahon defended the .A|)propriations 
Committee's action in eliminating S55 
million for long-lead items for a second 
nuclear-powered aircraft carrier: 

Ibcsc are tlic recommendations of 
Senate Preparedness Subcommittee of 
last January witli Symington’s com- 
ments on tlie progress that has been 
made to achieve tlicm: 

• Modernize and strciigtlieii SAC. 
"There lias been no acceleration what- 
ever of aircraft production programs." 
Svmington declared- ".A few more long- 
range jet bombers and tankers were 
-clicduled . . . less tli.in one additional 
S.AC wing-.iiul that wing is not 


planned to be operational for three 

• Accelerate tlie dispersal of SAC bases. 
"Solclv in order to save money, S.AC 
aircraft, defense missile facilities and 
other important military equipment ate 
in some cases now actually being enn- 
eentrated into mote confined areas.” 

• Increased effort in development of an 
anti-missile missile system, "nie or- 
ganization to handle this problem is 
now worked out and current division of 
functions between the seniccs can 
onlv cause increased waste and elelav . 

largely in Ihc .Air l•'otcc, but the launch- 
ing funclitm remains in the Anny. Both 
sen'ices receive coiistantiv fluctuating 
financial assistance in their effort to 
caiTv out this vital mission— and that 
would appear to be one of the chief 
reasons vviiv the entire pii^rain is char- 
acterized bv disor^nization and little 
sense of urgenev." 

• Improve early warning system. Con- 
stniction of the distant early warning 
line against manned bombers "is pro- 
ceeding slowlv.” Sniiington told the 
Senate, "dne latgclv to arbitrarily cs- 
tablislicd expenditure ceilings. . . . 

• Provide adequate airlift for ground 
troops. In a limited war, Svmington 
said, "appareiitlv we must hope for 
some mit.icle to bo able to transport 
tioop.s vvheto needed." 

• Accelerate the production sclicdiilcs 
of .Atlas, 'Iliot. Jupiter and accelerate 
development of Titan. " I here has been 
no acceleration of the -Atlas, Thor or 
Jupiter programs,” Svmington pro- 
tested. "L.ack of a sense of urgenev- 
continues to dominate the long-range 
missile ptograin." 

• Reduce lead-time in weapons devel- 
opment by reducing the decision time 
and simplifying piocnrement proced- 
ures. This. Svinington complained, is 
still "under st’ndv" by the Dep.irtmcnt 
of Defense. 

• Accelerate research and development 
programs by long-term funding and im- 
|)roved administration. .Although cen- 
tralized control through the .Advanced 
Projects Re.scatch Agency "should give 
belter direction, " Svmington s.iid. "the 
contimiation of expenditure ceilings, 
plus the small appropriation requests 
for research and ticvclopmcnt do not 
leave anv impression that this vitally 
important part of our national defense 
program is actuallv lacing accelerated.” 

• Increased effort in development of 
manned missiles. " Iberc has been 
progress with the niany-thousand-miles- 
an-hour X-1 5, and progress also in medi- 
ical research for spice fliglit," Svining- 
ton said, "blit oversill action is also 
liandicappcd by insufficient funds." 
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F8U-3 Mach 2 Fighter Makes First Flight 


Edwards An3. Calif. -Chance Vougiit 
Aircraft's F8U-3 Crusader 111, entrant 
in Navy's Mach 2, all-w'cathcr fighter 
competition with McDonnell’s I''4II 
made its first fliglit last week. (See p. 
43 for F4H details.) 

Crusader HI is slightlv larger than 
its predecessors, tlic FoU-1 and - 2 , but 
tlic wing and fuselage were generally 
sealed up and the planform and layout 
arc ncarlv unchanged on the new air- 
craft. Major alterations required in in- 
creasing the Crusader’s speed nearly one 
full Macli number were tlic incorpor- 
ation of a modified Ferri tv'pe super- 
sonic inlet with a swept forward lip. 
tlic addition of two large ventral fins, 
use of a sharper fuselage nose and a 
more submerged canopy. 

F8U-3 is powered by a Pratt Sr 
W'hitney J75 engine developing about 
17,500 lb. thrust without afterburner 
and around 26,000 lb. with afterburner. 
Aircraft also is designed around use of 
a small rocket engine of several tliou- 
sand pounds thrust. 

Ibis rocket engine seems to be the 
kev to the Naiv’s eventual choice be- 
tween the F4U and tlic F8U-3 for 
lolumc production and operational 
fleet use. The fiict that both aircraft 
arc still in the competition would seem 
to indicate that the primary difference 
between them is the povvcrplant 
arrangement, tliat ncitlict figlitcr has 
liad more than its share of stabilitv 
or drag troubles and tliat they both 
have about the same percentage of 
total weight devoted to .structure. 

Rocket power would give the Cru- 
siidct HI a much greater ceiling than 
the F4H, and. to be of I'aluc, this alti- 
tude would have to be maintained for 
several minutes, ptobablv at least five 
as usually specified for modern combat. 


The ptnaltv for this altitude aipability 
IS the great amount of fuel consumed 
ituring combat bv the rocket engine in 
comparison with the F4M's turbojets 
with afterburner. 

Advantages of the rocket installa- 
tion would be greater rate of climb 
and a more rapid acceleration from 
cruise to combat speed. According to 
the Naw announcements cmiccming 
the first flights of the F41I and the 
F8U-3, they Imth are capable of more 
than Mach 2, and it is possible that at 
relatively low altitudes both aircraft are 
limited by skin temperatures. 

Two ventral fins on the F8U-3 and 

the unusual anhedtal arrangement of 
the l’’4H wing tips would seem to indi- 
cate that stability problems above 
Mach 2 ate severe. 

Ctiisadcr employs the two-position 
wing of the catlier F8U aircraft plus a 
boundary laver control system that 
blows air over the flaps for better lift- 
ing and control qualities during land- 


ing. Ventral fins are raised at Ihc same 
time the flaps are lowered so that tlic 
tail will cleat tlie ground during land- 
ing. Double screw jacks are used to 

A ptimaty feature of the F8U-3. al- 
though it was not used during the first 
flight, is the automatic nature of a 
largo portion of its flight controls. 'I'hcsc 
ate simple piisli buttons vvliich actuate 
equipment nccess.itv' to hold a Mach 
number for best climb, best range or 
greatest endurance and other types of 
flight whicli vary vvitli weight, outside 
tcmpcralurc and otlicr variables. This 
si'stem is ptcsumablv" part of the Navy's 
new integrated fliglit instrument dis- 
play and control idms. 

Armament of the F8U-3 will be all- 
missile, cither Sparrow III or the Side- 
winder or a combination of the two. It 
can be adapted to carrv nuclear and 
other special weapons, electronic in- 
telligence and countermeasures gear 
and photo reconnaissance equipment. 
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New Micro-Module Program 
Outlined by Army aud RCA 


^Vilsllingto^— Aimv's new Micro- 
Miicliile program, whicli could Inne 
iinijoi impiict or both electronic com- 
ponent ,ind equipment nwmihictutets. 


lives by the Si|niil Corps and Radio 
Coip. of America. RC.\ is serving as 
the project’s "leader contractor.'' 


r I'orcc and N'avv a 


radically different tvpcs of scinicon 
doctor devices wfiicli can perform eoni 
picte circuit functions (.\\\' June 2. p 


RC.A Defense Electronic Products 


ermg an Anns request that they partiei- 
pate and support the new Micro- 
Modulc program. .Army officials predict 
that joint service support will be forth- 
coming. 


consid- Camden. N. J. 


Program also will require the de 
V elopmeiit of a new line of batteries tha 
am diinciisionally compatihle witli new 
Micro-Modules. Batteries arc to have 
nominal v olt.igc of 1 5 v.. with taps for 
1 i. (<• 9. and 12 v. 

Initial design goal is for components 
construction capable of operating in ambient temper- 
' atutes ranging between —oiC and 8vC. 
with subsequent plans to 
limit to 12sC. e-ventiiallv 


RCA PIgns 

During the next two vears. RC.\ ex- 
jiects to develop a limited family of 
Micro-Module component elements to 
enable the companv to fabricate experi- 
mental units capable of perfonning RE. 
II' and audio amplifier functions pins 
certain basic computer circuits. Bv 1962. 
RCA expects to deliver complete proto- 
tvpe equipments constriietcd almost cn- 
’ ' '' Micro-Modules. 

manufacturers will 


Size Reduction 

New A licto-Modulc 
technique for fabricating individual 
components and joining them into 
functional circuits holds promise of 10- 
fold reduction in size, weight of mili- 
tary electronic equipment. (AW June 
r. p. 6s). .Annv and RC.S nfficials also 
predict a comparable gain in leliabilitv 
and maintainabilitv. Defective Micro- 
-Modulcs will be discarded in the field, 

V itli no attempt at repair. 

Micro-Module consists of a siiitablv 
interconnected stack of 0.2 in. sq. 
ceramic wafers called 'elements” on 
which one or more components have , 

been fabricated. Individual ceramic tiiely from the 
wafers, as well as the complete module, Otiicr equip 
bears some resemblance to earlier Naw be able to Buy components 
Project Tinfccrtov units but are cem- 
sic'enibly smaller in area. 

Micro-Module design is based upon 
using tiaiisistnis and other semienn- 
doctor active elements, rather than 
tubes, throughout- This will limit 
Micro-Modules, at least initially, to lovv- 
povver level apphe.itions such as coiii- 
miinications, computers, instrumenta- 
tion and eontrol. 

Greatest impact at first will be felt 
by electronic component manufacturers 
who arc being asked to abandon long- 
iised form factors to design components 
t" fit standard 0.1 in. sq. dimension of 
Miao-Modulc elements. 

I'lir mam passive cmii|nments sucli 
as rcsi.stois. certain sizes of capacitors 
and transistors there appear to be no 
major obstacles. Otlier types of com- 
ponent.s— inductors, potentiometers, rc- 
iavs, etc.— will he more difficult. RC.A 
plans to eliminate relays wherever pos- 
sible. use transistors instead for switch- 




form factors from suppliers, much as 
tliey now piircliase conventional com- 
ponents, and combine them into their 
own circuit cvinfiguration. according to 
present plans- 

,An official of Sprague Klectric, major 
tomponent manuf.icfuter, said that his 
conip.iiiy can now produce some of tile 
component elements rccjuircd for 
Micro-Modules a.s a result of previous 
company research along similar lines. 

While expressing confidence that the 
required components could be devel- 
oped bv industry, he cautioned that 
tomponent manufacturers are "being 
asked to invent ail components over 
again in only four vears and come up 
with far siivailer, far more reliable de- 
vices than they have been able to de- 
velop during the past 80 vears." 
Inadequate Funds 

'lire Sprague official waincx! that the 
S5 million which .Arniv has set aside 
for the Micro-Module prr^ram "is far 
loo little for a program of this magni 
tilde." lie also cautioned that experi- 
ence indic.itcs that reduction in com- 
ponent size usually increases its cost and 
expressed doubts about the manufactur- 
ing economies claimed. 

Relatively few comments from other 
industry representatives present sug- 
gested a "w-ait and sec" attitude. One 
industrv observer privatelv speculated 
that the Micro-Module program might 
lx; a far bigger undertaking tium now 
envisioned by the -Atinv and RC.A and 
that, unless the program quickiv re- 
ceives all-out joint service support and 
10 to 20 times more funding to greativ 



ing 


_ jnirposes. 

-\ltiiough existing 
niques will be used 
tbe program, an RCA official acknowl- 
edged that the ultimate goal is 


How F-102 Mounts Falcon 

niponent tech- Mounting of two different tvpcs of Huglics Falcon missiles is shown on a Convair F-102A. 

speed GAR-l radar guided model is nioimted at the forward stations and the itvfraied-giiidcd 
' GAR-2 is mounted aft- F-102.A is shown eanymg six Falcons- .\isertures in doors show 
.snnie of the tubes for mounting twenK-four 2.7? in. air-to-air mekeCs. 
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German Air Industry Promised 
$250 Million Licensed Production 


Bonn— Defense Minister Eranz Josef 
Strauss has promised the German air- 
craft industrv iniUfary conitacts for at 
least S250 million and probably double 
that sum between now and 196-1. 

He said that a minimum of 100 
light strike fighters and a minimum of 
200 interceptors would be built under 
license in West Germany. He esti- 
mated the cost of eacli light strike 
fighter at about S600.000 and the cost 
of each high-performance supersonic 
interceptor at S85I.000 to 5957,000. 
Neither price iucliidcs the cost of 

Strauss declared that the cost of 
guided missiles between now aud 196-f 
would "at least equal' the quarter 
of a billion dollars, cost of the two 
categories of planes, but that discus- 
sions with industry vvould be necessary 
to determine when, how and to what 
extent Gcniiau eompriiiies would piir- 
ticipatc in missile construction. 

The light strike order is expected to 
go to a northern consortium consisting 
of Weser Hug A.G.. Hamburger Elug- 
zeugbau and Sicbcl ATG. I’he inter- 
ceptor order to the southern group of 
I'lugzeug Union Sued consisting of 

Messerschmitt, Heinkel, Uoelkovv and 
Junkers. Boclkovv is the only company 

presently engaged in guided vvc-.ipims 

activity. Strauss said the airframes 

vvould definitely be built in Germany 
and if possible the powcrplants as well. 

Spe-aking at a cimvcntion of the Ger- 
man Aircraft Industry Assn., and later 
to reporters. Strauss said 50 complete 
I’iat G.91s would be purchased from 
Italv as the b.isic lightstrike aircraft 
(AAV June 2. p. 57). He indicated that 
the model to be built under license 
would be an advanced version of tlic 
G.91. 

lie said that a formal decision on the 
interceptor would be announced within 
the next four weeks. Re-testing of the 
Mirage 8-.A has now been completed 
and the choice lies between the I'ieiich 
plane and Lockheed's h'-lO-l Starfighter. 
Strauss said only >0 to 100 coinislete 
planes vvould Ik purcliasctl The e.x- 
pteted number is about 75. Since the 
decision, once taken within the defense 
ministry, will be referred to tlic defense 
committee of the Bundestag (lower 
house of Parlianieiitl, the choice will 
have to be made within Strauss' new 
deadline if it is to reach the deputies 
before they adjourn for the summer. 

In his address, Strauss explained that 
the light strike fighter would fill a 
double role of troop ground support 
and anny teconnaissana'. lie said that 
the interceptor would also be config- 


ured for two additional roles as a 
fighter bomber and ait force photo-te- 
eonnaissance. lie said that with the 
soaring cost of aircraft, it was necessary 
to reduce the five missions to two basic 
tvpcs, eacli of which vvonld have the 
same fuselage and powerplant in its 
various configuration. 

Strauss added that in his contract 
estimates to industry he did not include 
orders for transports and helicopters. 
The lightstrike fighter is due for in- 
corporation in the Luftwaffe in 1960, 
the interceptor in 1960-61. 

With regard to missiles, Strauss out- 
lined five families for AV’est German 
amicd forces bv 196-t; 

• ADti-tank. 

• One or two types for close support 
bombardment with the range of the 
Honest John. 

• Ground-to-air incorporating elements 
of the Nike. Hawk and Bloodhound. 

• Tactical bombardment with a 600- 
iiii. mngc or slightiv better. 

• Air-to-aii. 

Strauss said that at least three of 
these would bo produced in conjunc- 
tion with other members of the AA'est- 
ern European union which includes 
I'tiincc, Italv. Great Britain and the 
Benelux countries. He said the cost of 
research, development and production 
iv SO high tliat AA'cst Germany could 


X*15 Inslrumciits 

Washington— Novel inertial flight in- 
stiunicnls developed by Sjreiry Gyaoscopc 
Co. will be icvcd by pilot of Air E'otec's 
X-15 hvpersBiiic research vehicle for navi- 
gation and dc-tcrinination of safe trajec. 
torv fur re-entering denser atinospherc 
from altibides beyond 100 miles. 

North Amciicaii-dcsigned X-15 will 
carrv Spcrrv-devciuped flight instmmeuts 
which dispby vehicle attitude, vclocitv, 
vertical rate and altibidc, all obtained 
from inetb'al sensors. Conventional ptes- 
snre operated altimeter and airsyseed in- 
dicator arc not usable at such altitudes 
because of neat-vacuum conditions. Sys- 
tem also gives pilot continuous indication 
of his position and deviation from pre- 

Heart of the new svstem is a small 
Ihrec-gyro stabilized platform, three 
foice-fecdback type integrating accelcr- 
ODveters and a small computer. System 
has been designed to withstand aeeelera- 
b'ons above lO-Cs. Sperrv system is be- 
ing turned over this summer to National 
Advisory Committee for Acronaiitics for 
piclimiiiary flight tests in an F-IOI flying 
test bed. 


SR. 53 Crashes 

Saunders Roc SR.53 rocket-tu^jet 
powered fighter exploded on takeoff and 
crashed last week at Boscombe Down, 
England. Sqd. I.dr. John Booth, Saun- 
ders Koc chief test pilot, w-as killed. The 
aircraft was powered bv a de Havilland 
Spectre rocket engine using kerosene and 
high test peroxide as propellant and an 
.Arnistrang Siddelcv Viper turbojet. 


not do the job alone or even in co- 
operation with just the United States. 
Discussions on this suljject have already 
been initiated within the ^■rcnch- 
Italian-German arms poo! which was 
foniicd at the beginning of tliis year. 

Strauss said that for the period 1961- 
68. two thirds to three quarters of Ger- 
many's air force would consist of 
manned planes. 

Lillie Military Value 
Predicted for Space 

Touting of space research as a de- 
fense project by respcctcxl teelinical 
leaders fearing lack of public support 
for a program based on purely scien- 
tific motives was criticized bv Dr. Al- 
bert llibbs of California Institute of 
Technology's Jet Propulsion Laboratory 
ill a speech to a session of the Los 
.Angeles Air Prociiremcnt District. 

llibbs said militarv applications of 
till' space research product are uncer- 
tain and probablv limited, lie pre- 
dicted that when this tnith comes to 
light, puhlic disilUisionineiit will en- 
danger realistic and useful research. 

llibbs said that the bill recently 
passed bv the House creating a civilian 
space agency offers the competent civil- 
ian scientific direction which be feels 
the space program needs. However, the 
future of the program ran still be 
jeopardized if tlic U.S. taxpayer is 
scared into putting mote and more 
money in illogiral ,iiid unncccssarv mili- 
tary ventures, he added. 

VTOL Rotodyne 
Makes Transitions 

White AValtliam, England— Fairey 
Rotodyme A'TOL transport demon- 
strated transitions last week from heli- 
copter and autogvro regimes without 
loss of altitude and little change of al- 

Noise level was high but not objec- 
tionable ill the Itclicopter regime, us- 
ing rotor tip jets for ])ropulsion. Noise 
suppressors will be fitted to the jets 
soon to reduce the noise further, han- 
cviT. In flight, the noise level of the two 
Napier Eland turboprop engines is less 
than that of a V'ickers A'iscount. 
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Space Technoloiiy 


Civil Space Agency Bill Passes House 


By Ford Eastman 

Washington-l.i'gisliitioii to create a 
powerfui national space agenev midct 
ei\i!ian control breezed througli the 
I louse last week and nent to tlie Senate 
seitiumt a dissenting \nte. 

rlie measure introduced bv Rep. 
John W. McCormack (D.-Mass.) would 
establisli a Nation, il .\eronimtics and 
Space .•kdiiiiiiistration with the Na- 
tional Ad'ison' Committee for Acto- 
iiautics as its nucleus. It follows the 
ixi.sic recommendations maeic bv the 
President in a message to Congress last 
April. 

Pile Senate’s Special Committee on 
Sp.icc ami Astronautics, meanwhile, 
pushed for earlv action on its own ver- 
sion of a national sjwcc agenev. 'l lic 
eomniittce staff has eonipleted a pro- 
posed draft of a bill, which reportedly 
follows the main principles rcconi- 
inended bv the .Administration, llow- 
c\cr. it is expected that a mimbei of 
cliiingcs will be miidc in the language 
of the bill to strengthen or clarify the 
act as was done b\ the llou.se. 

House Amendments 

Before passing the bill, the House 
adopted sctcrai amendments, all ap- 
pro' ed beforehand by the House Com- 
mittee on .Astronautics and Space Kx- 
|)loration. Most were of a technical 
nature to coirect S|)el!iiig or to make 
minor changes in wording. The most 
significant changes included: 

• Elimination of a section that pro- 
vided for a Joint Congressional Com- 


mittee on .Aeronautics and Outer Spicc. 

• Insertion of a clause that would per- 
mit the iidministiiitor to establish the 
cii'il service entrance grade for scientific 
and engineering personnel without pre- 
vious gosernment service at a Icsel up 
to two grades higher than that set by 
the Classification .Act of 19-19. 

• Changing the name of the aet from 
National .Aeronautics and C)uter Space 
•Act of 1958 to "National .Aetonantics 
and .Astronautics .Act of 1958." 

Albert Resolution 

McCormack, chairimiii of the House 
Spice Committee, offered the motion 
to strike out the scetioii establishing the 
joint committee after unanimous agree- 
ment bv the space committee niembets. 

The action took place after Rep. Carl 
•Albert (D.-Okla.) introdua-d a resolu- 
tion calling for a 25-man Committee on 
Science and .Astronautics to be com- 
posed of meiiiliers of all other House 
Committees interested in .space projects. 

McComiack said the .Albeit resolu- 
tion would erc-.ife a committee with a 
broader base than that of the joint 
committee and that it would be un- 
ncccssats- to continue tlic prewision for 
a joint group in the bill. 1 le added that 
lie hoped action on the .Allwrt resolu- 
tion would be taken before the end 
of the session, hut that, in the mean- 
time. the select committee would still 
be in existence. 

-An amcndinent to create higher, 
more equitable salaries for starting 
scientists and engineers was offered 
by Rep. B. V. Sisk (D.-Calif.). a mein- 


het of the House Space Committee. 

He said the present bill authorizes 
the .idministratO! of the space agenes’ 
to pay slightly higha compensation to 
a limited minibcr of personnel than is 
now |)ennitted by the Classification .Act 
hut that there is no comparable provi- 
sion for the starting salaries of recent 
scientific and engineering graduates. 

Sisk explained that the amendment 
would authorize the administrator, if 
necessarv . to hire |3ersomiol of this tv pc 
at a GS-" rating rather than the usual 
CS-5. He said a GS-" would be able 
to start at a salary of S-1.9S0 while a 
CS-5 would receive S-1.040. 

Major Provisions 

III addition to flic anicndmcnts made 
on the floor, major |jrovisions of the hill 
as pissed by the House, include the 
following: 

• .Activities of mankind in outer space 
shall be devoted to peaceful purposes 
.ind the general welfare with adequate 
safeguards for the comiiion defense and 
stenrifv of the U. S. 

■ Thai such activities shall be directed 
hv a civ ilian agenev which also sli ill 
act in cooperation with the Defense 
Dcpartnient "insofar as such aefivities 
are peculiar to or priinaiilv associated 
with weapons svstcnis, militaiv ojjeia- 
tions or the defense of the U. S." 

• That the agenev shall act in coon-n- 
tion with the .Atomic Energv- Cniiimis- 
.vion and other agencies "insofar as such 
vpict activities are assciciated with inat- 
tcis within their jurisdiction." 

• Tliat inanagcinent of NA.S.A be v-sr-d 
in an adiiiiiiistrafor and dcpiitv admin- 
istrator appiiiifed by the President .iiid 
confirmed hv the Senate. 

• Tliat a 17-man advisory eoniiniftee 
be created, of which nine members he 
dcsigmited from appropriate govern- 
ment de]wrtnients or .igencies. includ- 
ing at least three from the Defense De- 
|)artmeiit. vvliilt the re's! wuu’d be 
chosen from the fields of .science, engi- 
neering. technologv. eduaition, admin- 
istration. or public affaiis. 

• Creation of a Military I.iaison Com- 
mittee and an .Atomic Miicrgv I.iaison 
Connnittce. 

• Creation of a Div ision of Milit-irv 
-Application and a Division on Nnclcar 
Application in .iddition to others that 
may be determined necessary. 

• That information obtained or de-vcl- 
oped bv the adiniiiistr.itor shall be made 
available for public inspection, except 
classified inforinatimi ncecssaiy to pro- 
tect national securitv or that authorized 
or requited bv law. 

• That all fimctioiis, real and personal 
property, personnel, funds and tccorrK 



External Rack on DB-47 Holds Rascal 


Rack nioimtcd on stoihoard side ot Boeing DB -tT mcdiuiii bomber fuselage holds Bell 
Raseal aii-(o<siirfacc radai-commaiid missile. B--I7s modified to carrv the G.AM-65 Rascal 
arc redesignated DB.-tTs. Missile is being delivered to SAC (.AAA' .April l-l, p. 67). 


AVIATION WEEK, June 9, 1758 


of N.aC.A be transfoircd to the space 

• Tlmt funds appropriated for admin- 
i..tration and opemtion of the agenev- 
must he evpenaed en a cmc-year basis, 
while funds appropriated for construc- 
tion of facilities, or for research and 
development activities shall remain 
avaih'.ble until expended. 

'llie entire cost of an effective .vp.icc 
progr.ini 'vav estimated bv the adiiiinis- 
tration as running from SlOO million to 
S200 mil'ion a year. The House Spice 
Committee, however, cstiniiitid it 
would t ike .il'out S500 million annu.illy 
for the first several years .ind perhaps 
a billion dollars a vear thereafter. 

In urging passage of the bill. McCor- 
mack s.iid every effort has been made 
in the legislation to define the fuii:ti;ms 
and ))ovvers of the new agenev in order 
to pie'.ent possible conflict and vviiitc- 
ful duplieition :iul at the same time 
make sure that the progr-nn will lx; 
coordinated and coniprcliciisive. 

USAF Pressure Suit 
Tried in Space Cabin 

San .Antonio— -An airman who spent 
two davs living in a pressure suit in the 
■Air I-'otce School of .Aviation Medieiiie's 
space cabin simulator found the experi- 
ence extremely uncoiiifortabie. 

Staff Sergeant Marion 1.. .Avdt lived 
and wrirkcd for two days in the same 
cabin in vvliich .Airman k'irst CLiss 
Donald G. Farrell spent a week. But 
where l-'arrell had the pleasantest en- 
vironment that could be provided, Avdt 
was dad in the pressure suit and fed a 
iiiewgcr die t. 

Significance of this latest experiment 
lies in tlic fact that man will have to 
depend litavih on liis pressure suit 
when he vciituies into space and thus it 
is iiiipoitjnt to find out bow well he 
e.iii tolerate it over long periods. 

.Avdt said that the first hoiiis in the 


Swiss Drop P.16 

Geiicv-j— Swiss government bus can- 
celed a development and jirodnclioii 
order for 100 FF.A P.16 groimd attack 
airplanes following an investigation of 
the ciasli of the third prututvpe into 
Lake Constance. It w:es the second F.16 
to crash into Lake Constance i.AAA' 
March Jl. p. 29). 

Official reason for tlic caiiccllation is 
that redesign of the livdraiilic sv-stem 
would delav deliveries. 

Observers believe this provided a eon* 
ve-jiieiit excuse for the Sw-iss to drop an 
unwanted aitplaiic benght fur |iolitical 
revisons. Purchase cf the Grumman 
FI IF-IF SupertigcT becomes a [xissibility 



Mk.8 Javelin Equipped with Afterburners 


Glostcr Mk.8 Javelin, Biitisli all-weather fighter, will enter Roval .Air Force service later tliiv 
year, rcjilacing picviom tv-|>es. .Aft configuration of the Mk.8 is changed bv protruding 
uftCTbiimer noz-zles on its two .Annstrong.Siddelcv Sapphire engines. Like the Mk.T. the 
•Mk.S is equipped to cam dc Havilland Firestreak tnfrared.homiug air-to.air missiles (,AAA‘ 
March 3t, p. 77). .-AiTeraft is taking off from (aetorv field at Brockw'oitli. Note bortev 
generators just ahead oi ailerons. 

suit were toler.ible, but "after that it 
was hell." Me said he broke out in a 
sweat at the slightest effort and that the 
tight suit tubbed and chafed his skin. 

•Aydt got some relief from the heat hv 
using a blower which forced cabin air 
against his suit. 

During the experiment. .Avdt worked 
on a set 24 hour cvclc. Schedule started 
with three four hour work (Xtiods w ith 
an hour of rest between them. .After 14 
hours of this. Avdt slept for three hours. 

•After the sleep period there was an hour 
for breakfast and checking equipnient, 
then three hours of work followed by 
three hours of rest, eating and checking 
gear, llic second 24 hours followed 
the same jxittern. 

•As with the I'Aiireli cx|XTinieiit, .Aydt 
was given a constant series of problems 
and projects to determine liow well lie 
maintained his proficiency under the 
stresses of the experiment. 

While h'artcll had a wide assortment 
of ordinary food available during his 
week in the chamber. .Aydt's snpph 
vv-.is seuerelv limited. He had onlv bahv 
food, hot tea and w-.itcr. 

Japanese Plant to Test 
Swiss Rocket Battery 

Geneva— Contraves Oerlikon Tvpe 
58 Swiss anti-aircraft rocket b.ittery is 
I'.idergoiiig acceptance tests bv- tlie 
lapanese prior to shipment to Japan 
for trial opeutions and firings. 

Japanese interest in a be.mi-iiding 
missile with perfcmiiaiicc approxinialelv 
in the Nike-.Ajax categoiy could result 
in an order for the Swiss company. 


Boeing to Receive 
Hound Dog Mockup 

Downev. Calif.— North .Aiiiciiean .Avia- 
tion’s Missile Development Division here 
wiil sliip first model of tlie G.AM-77 
Hound Dug air-to-surfacc missile to Boe- 
ing .Airplane Co. some time this month. 

Model will accuratelv siimilate the mis- 
sile’s mass, configuration, size, vieigUt 
and center of grav-itv. It mav be used 
for gathering acrodv-naniic data while 
inounted on a modified B.52 at Boeing’s 
Seattle jilant. nr it may be .sent In 
AA’ichitu for use with the first B-52G, 
the airplane for w-hich it was designed. 

Missile will be carried on a s|iecia1 
pylon containing monitoring and launch 

Missile puweiplant will be a I’ratt & 
AA'hitncv J52 turbojet engine. Missile 
speed has been described as "bigli sii* 
liersonic." w-itli a range of "tiundrcds ol 
anlcs.’’ Ivngine is {sodded and is carried 
sus]icndcd below- the K-ar of the niissile 
itsclf. Hic engine does not use tlic oftn. 

Hound Dug’s cniifigiiration most prob. 
ahh- is canard, with a high {sower-wcight 
ratio utilized to achieve siipcrsonic speeds 
in view of engine thrust. 

Cuidanec and control equi])nicnt for 
Hound lAog is being developed by North 
.Aiiieriean’s .Autonctics Division- First 
unit, des^ned to provide simulated 
barometric {ircssures for evaluating the 
C.AM-77 flight control srsteiii, has been 
delivered to the Missile Devclopinent 
Division bv Autoaetics. 
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Federal Aviation Plan Gains Moment u m 


By L. L. Doty 

^Vasllin5ton— Congrcssioniil nction 
to iTcatf an all-powctfiil I'cdcral Avia- 
tion Agency licfotc flic end of tlic sum 
met w-.is put into motion last week with 
strong White House support. 

l''irst positive move toward the im- 
mediate establishment of a long- 
awaited independent nrgania.ition that 
can resolve llie griming crisis of over- 
crowded airwavs was made when Sen. 

S. Mike \Ionroiiey (D.-Okki.) in- 
t'">duced a bill that wnnld drastically 
revise the Civil Aeron.nitics ,\el of 
l')’S (AW June 2, p. IS). 

lire bill lias drawn eiithiisiastic sn)>- 
pmt from most segments of the avia- 
tion industry altliongh some dissension 
exists on specific points of the pro|X)sed 
legislation. A similar bill has been in- 
troduex'd in the Iloasc hv Rep. Oten 
Harris (D.-Ark,). 

I inal pattern of the new agency will 
Isecomc dearer when Senate liearings. 
whicli began last week, arc cimcladed. 
Pattern of Agency 

I lowever. most observ ers heliewe that: 

• Congress will pass the legislation tills 
session. Details of the proposed Mon- 
roiiew bill will lie clianged but its over- 
.il] concept will remain substantially the 

♦ President Eisenhower will give liis 
vnp|jort to llie bill. Hosvcvcr. be will 
.'sk for ebanges that will ecjiii|) the |>ro- 
posed ageiicv witli more far-teacliing 

C owers tlian ate now ini]5licit in tlie 
ill. llie President also will ask for 
stronger nulltarv paitidpation m the 
agency 's functions. He will enciiorage 
.1 make-up that will guarantee the 
agenev the power to act on its own- 
• Civil .Actonanlics Administration will 
be the cote of the new I'eder.il Avia- 
lion Agency- The agency will absorb 
tlie .kirways Moclernii'.itioii Buircl. Its 
structure will be |jalterned after existing 
CA-\ orgaiii/aitional plan. .\ir Coordi- 
nating Coimiiittee will contimic to 
fmiction as an aebasorv jiartien- 

larlv on inlernational affairs wbea' close 
coordination wilb State Department is 
ret|iiitcd. 

a Janies T. Pyle, present C.W <idmin- 
istr.itor. will be named administratot of 
llie new agenev. 

• Civil Aeronanties Board will retain 
most of its present powers and svill 
continue to fimclion as in the past. 
Writing and amending of Civil Air 
Regulations, now a CAB responsibiiitv, 
will be transfcrteci to the I'eder.il .\via- 
tion Agency. .Any move to transfer 
C.AB accident investigations to I'.A.A is 
likelv to be blocked. 

l1ie I'cdetal .Aviation .Agenev. as 


ptoiitised in the Montonev bill, fits into 
the general concept of the single inde- 
pendent agenev urged by Edward P. 
Curtis ill liis report last year to tlie 
Prctsideiit on aviation facilities planning 
(AW May 20, 1957. p. 26). But it 
falls sliort of the authority the Curtis 
group would have given tlic (''cdcral 
.Aviation .Agency. 

White House Program 

111 a recent address. Qiiesada stressed 
lliat his group is "trying to weld to- 
gether an organi/alion in vvliicb both 
aiithoritv and responsibility are pm- 
pointcel." Cliief goal of the White 
Honsc in lemling its full sui>port to 
tlie Monriiney hill will be to eliminate 
any features that will delay the agency 
from performing its functions iiidc- 
pciidentlv and willi full authority in 
iiincb tlie viiiie way llie .Airways 
Modernization Board lias operated since 
its inception (.AW July 1, p. 50). 

Esscntiallv. tlie White House pro- 
gram lias stressed that military repre- 
sentation slioiild not lie reduced to a 
"liaison" .sbitns but should be elevated 
to full joint participation with civil 
factions. Milton Arnold, Air Transport 
.Assn, vice president, has urged lliat a 
military officer should be named deputy 
administrator under the administrator 
who will be a civilian. 

The AA'hite House position on mili- 
tarv paitici|)ation was supported last 
week bv .A'l'A President Stuart G. Tip- 
ton who told the Senate -Aviation Sub- 
coinniittoe that . . there must be the 
closest military-civil coordination as we 
progress tosv.ird |iositivc control if mili- 
larv and civ II interests are to be met." 

Qiiesada’s deadline for completion of 
tlie AA'hite House program is January, 
1959 under instructions issued bv Con- 
gress last vvar when the -Airways Afod- 
tniizatioii Bill was passed. However, he 
li.is repe.itedlv stressed that "good legis- 
lation" which carries out the rccommcn- 
<lations of the Ciirti.s group should be 
supported. 

Same Ultimate Goal 

List month, be told the .Airport 
Operators' Council meeting in Puerto 
Rieo (.'AA'’ M.n 26, p. -141 that, “if good 
legislation can he di.ifted, publicly de- 
hatCfl and passed prior to J.imiary. 1959, 
so much tlic Ixjtter. It would appear 
that both the executive and legislative 
branches of the govcrmncnl arc inter- 
ested in the same ultimate goal.” 

•Although industrv groups continue to 
(li.sagrcc on a mmihet of minor points, 
indications are that .i leading majority 
will drop their differences and support 
tlic various proposals for strengthen- 
iiig the bill. 


Major point of contention among in- 
dustry groups now lies in a provision 
of file new bill calling for a transfer of 
the ivstiance of .safety regulations from 
the C.AB to the new .igency. .Altiumgli 
the .AT.A strongly supported this phase 
of the bill during last week's Senate 
hearings, it ii|)poscd a provision for an 
appc-iil to tlie Bixirei of decisions of the 
new agency on anv regulation which 
would impo.se an ectinomic hardship on 
the ])ers<m appealing. 

I'iptoii held that the latter provi.sioii 
.ig.iiii divides responsibility for safety 
ill iiviation. He cliargcd that the 
atr.ingemeiit "tends to jieriKtuatc and 
even acceiihiate the present unsatisfac- 
torv situation." 

•Air Line Pilots .Assn, urged that the 
tiglit of ap|je.il not riiiK be ret.iiiied hut 
ex)iaiulcd to include "safetv" as well as 
"ccniiomie" hardship as a Ixi.sis for a)i- 

Charles I’arker. e.vecutivc director 
of the National .Aviation Trades .Assn- 
urged that the iidministrator of the 
agency he recpiirerl to consult appropri- 
ate aviation groups affected tliroogli ad- 
vanced jircipov.ils in the form of draft 
lelenscs. He added: 

'Check and Balance' 

".Also, while trihcisoi has been heard 
of the present method of C.A.A formu- 
lating propos.ils and C.AB taking final 
action on adoptiiin of sirIi |ir<ipnsals. 
the fact is lh.it to us. it has served as a 
cheek and li.ilaiire beyond any fnmial 
action provided under the act." 

Cener.illv. the Moiiionev bill pro- 
poses .1 series of aniciidmeiits to tlie 
Civil .Aeronautics .Act of 195S by in- 
troducing the Federal ,Av iation .Act of 
I95S. 

Prime purpose of the hill is to 
cn.ate an indeiKudcnt I cxlet.il .Aviation 
•Agenev. create safer and mote efficient 
use of airspace by civil and military 
opet.itions ami to provide for tlic regu- 
lation and proniotinn of civil aviation. 

Hea' are the highlights of the pro- 
posed .imendnieiiti 

• .Agenev will be headed liv an adminis- 
trator to be appointed bv the President 
.ind confirmed bv the Senate. He will 
be ,1 civilian vvitli past civil nr military 
:1V iation experience, will be paid 
S20.50I) anminlly. 

• Defense Secretary will ap|ioiiit a spe- 
cial milit.irv adv iser to the administrator 
to advise on inilitarv iie'cds relating to 
air traffic control, rcseardi and dcvcloi> 
ment. allocation of airspace and air 
traffic rules. 

• .Admhiisltator will develop vvitli De- 
fense Dep-irtmciit plans to transfer the 
agenev "inlact" to the Defense Depart- 
niciit in the event of war. nil's pro- 
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vision lias drawn bitter apposition from 
most segments of civil aviation, 

• Administrator is authorizArd to place 
a total of 175 positions in tlie agency at 
the top civil service grades of 16. 17 and 
18 in addition to the nombet of posi- 
tions authorized bv the Ciassifieatioii 
Act of 1949. 

• Unexiiendcd balances of appropria- 
tions made available to tlic d.AA and 
AMB will be transfened to the I'AA 
al dates speeified by the President 
tlirougli executive ordcr. 

• Administrator will develop long-range 
plans .ind form policy an the o.se of air- 
space- He will "assign by rule, regula- 
tion or order the use of airspace under 
sucii terms, conditions and liinifatioiis 
as lie may deem necessary in order to 
ensure the safety of aircraft in flight 
and tlic efficient utilization of sucli ait- 

• Fuel research and development powers 
are granted flic administrator. If a ques- 
tion exists as to whether a matter is of 
primary concern to the military, the 
administrator is authorized "and di- 
rected" to decide whether be or the 
military agency shall have responsi- 
bilitv. Militarv agencies will be re- 
quired to fimnsh the agency with any 
teclinical information concerning re- 
search and development projects that 
may have application to a common 

U. S. Missile Lag 
Described by York 

AA'asliington— U. S. is more than a 
vear behind tlic Soviet Union in the 
development of large rocket engines but, 
in the complete ICBM picture, the 
two nations arc very nearly equal. Dr. 
Herbert F. York, chief scientist of the 
Advanced Research Projects .Agency, 
said last week. In the overall picture. 
York .said, the U.S. leads in guidance 
and some of the other sv stcm.s nccessarv 
lor an ICBM. 

Dr. York told the first National Mis- 
file industrv Conference that the most 
serious consequence of the U-S. pro- 
pulsion position wa.s its limiting effect 
mi the satellite pre^ram, and that it 
vvmild lie 12 to 18 months before we 
could place a payload in orbit equal to 
that of Sputnik Ill's 3,000 lb. payload. 

Heartening aspect of the U.S. pro- 
|jolsion capabilitv in Di. York’s estima- 
tion is its superior rate of progress. He 
believes that wc were five years behind 
in 1952 and are rapidly closing the gap. 

'Die Xatioiial Missile Industrv Con- 
ference was sponsored bv the National 
Capital Section of the Amciic.m Rocket 
Society and a local AA'asliington or- 
ganization. the National Rocket Cliib- 

Activ'itv at tlic conference centered 
piincipally around qnestion-and-ansvvcr 
|«:riods between panels of speakers. First 


RMI ‘Flying BelF 

Denvillc, N. J,— Reaction Motors Inc. 
demonstiatcd a "Hying belt" to the .Army 
last week which it claims will enable an 
individual to rim at superhuman speeds, 
jump great distances or scale large 
heights. .Aimv ofliciiils rcyiortcdly like 
w'hat they saw, aud RMI plans to con- 
tinue development of the unit which, in 
its present form, wili not enable a per- 
son to actually fly. 

The idea is to provide thrust equal to 
from to 80% of an individual's 

weight, thereby subtracting this amount 
from bis total weight and enabling him 
to use his muscles more cflicientlv. Re- 
action Motors says the device will be 
inexpensive and tliat delivery can begin 
within one year after receipt of a con- 


panel session was intended to dail pri- 
marily with industry's problems in coii- 
Iracthig and negotiations. llie military 
contracts officer teptesenfed on tlic 
panel was Cmdi- E. E. Sack, head of 
Bureau of .AcroiuHitics. Purchasing 
Branch, and the majority of questions 
were directed at him. Main points made 
by Sack cimaTiiing fnndimienlal gov- 
ermnent policy indoded; 

• Too mncli time is now spent on dis- 
cussing the exact percentage of profit to 
be allowed a cootractor instead of vviirk- 
iiig more vigoroovlv on lowering the 
total cost of a coiitraet. He felt this 
would change in the fulurc- 

• Attempts have been under way^ for 

lowabic costs oo cost plus fixecffec con- 
tracts but divergent views among vari- 
ous industrv groups and government 
groups bad kept aovtliing conaete 
from being acconi|ilisiied. 

Iroquois Completes 
NACA Tunnel Tests 

Toronto— Orenda Iroquois turbojet 
engine has completed mote than 100 
hr. of testing in the engine propulsion 
luiinci at National Advisotv Committee 
for -Aeronputies' Lewis height Ptiipul- 
sion Laboratory, Cleveland, Ohio. 

During this test program, normal re- 
lights were made following induced 
flamcouts up to 60,000 ft., tlic altitude 
rapabilitv of the tunnel. Relights were 
made at designed Mach numbers. 
Orenda Engines Ltd. says that the en- 
gine achieved ptobabiy the liighcst dry 
thrusts ever recorded by turbojets on 
the North American continent. 

Developmental models of the Iro- 
quois have undergone more than 5,000 
hr. of bcncli ninning. Dimensions and 
perfcirmance specifications for the Iro- 
quois arc as follows: 

Over-all length, including afterburner 


-approximately 19 ft. Over-all length, 
without alternator frame— approximately 
17 ft. Intake diametet-atout 42 in. 
.Afterburner diameter— approximately 47 

in. Thriist-approximattV 23,000 lb. 

dry. Thrust to weight ratio-more than 
5 to 1. Specific fuel consumption— 
under I for dry rating and under 2 with 
afterbutner. 

Thc Iroquois Iras a two-spool com- 
pressor, an annular, high-velocity vapo- 
rizing combustion system and a closc- 
coupTcd afterburner. 

Modifications Raise 
B-52G Range 25% 

Ft. Worth— Modifications vvhiclr re- 
duced empty vvciglrt of tlic B-52G and 
provided the new Boeing lieavy bomber 
with increased fuel capacity have given 
it a 25% increase in range over the 
B-52E. 

Strategic Air Comirrand has esti- 
mated tliat with one combat refueling, 
the B-52G will fly close to 14,000 stat- 
ute mi. Gross weight of the bomber 
is more than 450,000 lb., and it is 
posvered by Pratt & AA'hitney J57-P- 
43AA' eiigiiics. 

First production B-52G will roll out 
in Jiilv , After flight te^st and cvaluatioir 
ptogtaiiis ate completed with the first 
production models, deliveries to S.AC 
svill begin carls- next vear. 

Be-sides its greater range, the B-52G 
has better climb performance and 
higher target altitude tlian the B-52E. 
Although it is coiisidcrablv heavier, tlie 
B-52G take-s off and lands in the same 
iiimvav lengths as the B-52E. 

Major structural changes in the 
bomber allow a reduction of empty 

3 ht and give tlie airplane a greater 
carrying capacity. The G model 
has a redesigned vsing which uses inte- 
gral wing skin and stiffeners. AA’ing is 
used as a fuel area without fuel bags. 

News Digest 


Martin Co. plans to gain needed 
new financing through an issue of 20- 
vear senior non-convatiblc debentures. 
Tlic sale is expected to produce S20- 
25 million. Instead of depressing Wall 
Street, word that the issue would be 
non-convcrtiblc actually caused the 
price of Martin stock to rise over a 
point in trading early last week. 

Doak Aircraft Co.’s Doak 16 vertical 
takeoff and landing vehicle developed 
for Army Transportation Corps has 
completed 30-hr. ground test two weeks 
ahead of schedule. Next step is to com- 
plete tlie plane bv installing skin in 
preparation for fliglit test phase sched- 
uled shortly. 
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DOUGLAS Aircraft Co.'s OC-8 jet tcai»|X)rt. sIiokii here on first flight, completed its second Rigid at Mclnards ,\FB lust week. .Aircraft was 
in the air for 2 hr. and a iniii. dining which it extended cnvclojie of speed and altihidc of first flight. 



AIR TRANSPORT 



DOUGLAS DC-8 on first flight. Aircraft weighted 190,000 lb. and lifted off after 3.SOO ft. nin at speed of 110 kt. 


DC-8 Moves Into Flight Test Program 


Long Beach. Calif.— Douglas DC-8 
iiioicd into the flight test phase of its 
dcielopnient with routine take-off on 
its Memorial Day first flight. I'hc first 
DC-S iindersvcnt two hours of con- 
densed system and handling tests over 
the Pacific Ocean befote tcaossing the 
coast near Santa Barbara and landing at 
Mthvards AKB. 

Plane will ufrerate e.vclnsivcly from 
I'dnatds until about 10 hr. hai'c been 
Itsggcd. after which it may return here 
briefly or land at other airports during 
flight tests. Might more airplanes will 
be assigned to the test progi.mi and 
28 will haic been completed bi the 
time the test program is ended. 

Some will be Jelivercd before certifi- 
cation to allow airlines time to train 
crews before commercial seriice be- 
comes Icg.il. I'irst deliveries ate sched- 
uled for flic suiiimet of 1959. Domestic 
scr'icc should start bv the end of that 
vear and intercontinental sersice slionld 
start about (iO dais later. 

The 13C-S lifted off after a 5.500 ft. 
inn at air spe-ed of 110 kt. Ihc airplane 
weighed only 190,000 lb. at lift-off— 
1.000 lb. mote than maviimun landing 
weight. Mnnr IT5C-h (J571 engines 
generated dense browni smoke as thev 
de-vclopcd a total of 50.000 Ih. thrust 
with water inicction at takeoff. 

Obse’iiers near the riinw.i. re-porteil 
eoniparaliicly low noise Iciel from the 
engines which were equipped with an 
L.sperimental multiport sound sup- 
pressor. Most objectionable noise at 


close range wns compressor whine but 
more distant obscriers found this neg- 
ligible. 

Combination daisy petal-aiid-ejector 
suppressor intended for delii'cred air- 
|)Iane was not available. 

Tests on first flight were carried out 
at altitudes up to 51.000 ft. The air- 
plane was checked for general handling 
characteristics and hydraulic, electrical 
and air conditioning systems were tested 
out. Sonic of the right side window' 
)>anels on the test airplane were re- 
placed with ciiiergcncs' pressure relief 
lahes to cope with possible failure of 
the regular pressure control vahes. 

'I'otal of 158 DC-Ss haic been or- 
dered to date with a total laliic of S700 
ii'illion. Northwest .Airlines is expected 
to sign an order for scietal more shortlv. 
Douglas has invested about S225 mil- 
lion in the DC-S, so far. 

First 50 airplanes will include do- 
mestic and (U'crwater models, three 
different powet]3lant systcm.s and nine 
different customer cohfiguratiom. Di- 
mensionally the overwater and domestic 
lersioiis arc identical, but ovem-ater 
setsion has been giicn intercontinental 
range by providing additional 26.100 
Ib. of fuel and by iiicrca.sing strength 
of wing and landing gear. 

Most DC-8s now on order will be 
posvered by the Pratt & W'hitnes JT4 
(175) and mans overwater craft will be 
posvereel by the Rolls-Royce Conwav, 
I'irst airplane ss-ill fls- with the proven 
Pratt & W’liitney JT3 (J57), Second 


will have the (IT4). First JT4-posvcred 
DC-S will bv delivered to Pan American 
World Airways in December, 1959. and 
the first vvitli Conways will be delivered 
in I'cbruary. 1960. 

Airplanes poivered bv the JT5 have 
four seprate engine-driven povverplant 
water injection systems with four 190 
gai supply tanks, llie banks arc pres- 
surized to ensure a priming flow at 
starting. J'I4 and Conway versions do 
not use water injection. 


WiASlern Strike Ends 

Los .Angeles— Filats ended tlie lung 
AA'estern .Ait Lines strike by answ-cring a 
ichim to work call bv' the coiii|>iiiiv last 
week. AirUne will resiiiite operations to 
28 cities on |niie 10 with 11 flights, 
niostiv to are-js conipletciv deprived of uir 
transportation. 

Since apprnsiniatcly one-half of AA'cst- 
ern’s fleet is stored in the law Angeles 
area with most flights originating from 
there, first dav's service alsn will include 
flights from Los .Angeles tu Saa Mran- 
ci^. Seattle, Minneapolis and Salt Lake 

In accordance with ail agreement 
signed bv companv and union Te|rrcscnta- 
tives. first flights will be operated bv 
pilots with greatesi seniorih-, .Aircraft are 
being thoroughlv cleaned, given lOO-hoiir 
checks and completely flight-tested by 
supervisory pilots prior to returning to 
service (.AM' (vine 2. p. 32). 
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Knd to Transportation Excise Tax 
Urged in Senate by Smathers 

B; Ford Eastman 


Washington— Sen. George Snuthers 
(0.-l'1a.) opened a determined drive 
on the Senate floor last week to elimi- 
nate the excise tax on transportation of 
persons and propertr oiiginalh' imposc-d 
during World War II to discourage 
shipping and travel. 

Smathers termed the tax as one no 
longer applicable and one which is op- 
erating directly against the best interests 
of the government. 

Ife said that the tax inonev leaks ont 
i.f the Treasury from the bottom in the 
form of subsidies and other wavs as fast 
or faster than the money pemts in at 
the top. 

Advantages to be Gained 

The Senator said these advantages 
would be gained from removal of tlie 
freight tax and 10% passenger tax: 

• . there would be only an insig- 
nificant drop in tax revcmics— perhaps 
even a gain.” 

• '"Removing the excise would stimn- 
iate the entire transportation industry. 
It would encourage traffic in exactly the 
same fashion as the lax discouraged 
traffic." 

• "It would unqiiestionably lower prices 
to the consiimcr-not only directly.-hy 
cutting the cost of train and plane 
tickets, but indirectly in the goods and 
services on which tax costs are now 
pyramided." 

• "It would improve the competitive 
position of small business by eliminat- 


ing what is essentially a lax favoritism 
for big business." 

• "It would remove a regressive feature 
from out present tax structure— some- 
tliiiig we can easily do without." 

• "It would give a shot in the arm to 
the railroads, vvliicli arc hurting pretty 
badlv now. It would help all regulated 
motor carriers and might well save tlie 
intcr-citv Inis transportation system. It 
also would greatly assist airlines wlio 
face mounting opeiating costs with lit- 
tle or no increase in traffic." 

• "It would be a direct and essential 
contribution to the health of our eeon- 
omv which depends on huge capital 
expenditures from the entire ttanspor- 
tiition industry." 

Smathers said -16 other incinbcts of 
the Senate earlier indicated they would 
support repeal of the transpoitation ex- 
cise tax bitl that some may have 
changed their opinions following Presi- 
dent Eisenhower’s recent statement that 
he hoped to hold the line against tax 
reductions. 

Humphrey's Interpretation 

Sen. Hubert Humphrey (O.-Minn.) 
s.iid he interpreted the President's 
declaration against a tax reduction to 
mean that he docs not want a loss of 
revenue. "Therefore," he said. "I be- 
lieve one can support the President's 
position as to revenue by the repeal of 
these two taxes, because they are re- 
ducing goveinmcnl revenues every 


on transportation would reduce gov- 
ernment revenues was explaiucti this 
wav bv its Senate supporters: 

• Tax imposed during the war to ilis- 
eourage travel and shipping still ac- 
complislK'S that purpose, resulting in a 
loss of revenue to the industry. Sinie 
certain segments of the industry operate 
ill a loss, revenues brought into tire 
Treasurv at tlic top through tlie tax 
are drained off the bottom through 
subsidies. 

• 1'ax has not onlv discouraged sliip- 
ping and traveling on common ctrricts 
but lias diverted a considerable portion 
of what there is to private carriers, re- 
sulting in a big loss in income tax col- 
lectible bv the government. 

• While the amount of revenue received 
tlirough the tax has dropped since the 
war. tTie cost of collection has increased 
tc further reduce government income. 

• 'riaiisportation tax also is dcdnetible 
from income as legitimate business ex- 
penses so the apparent g.tin for the 
Treasurv is at least pattiaily offset by 
tliis invisible loss. 

Discrimination Charge 

Senators backing the repeal move- 
ment .said that the ta.x also is dis- 
criininatorv to the consumer, b'or ex- 
ample. they said, shippers of large 
<|iianfities have their own transportation 
systems and, therefore, pay no tax. If 
tlicy do sliip by common cartici, tlicir 
rates ate lower since the shipments ate 
in big lots. Smaller shippers not only 
have to pav transportation tax on com- 
inon carriers but must pay a higher tale 
because of the smaller shipments. 

.Another discriminatory feature of the 
tax, Smathers said, is the additional bur- 
den imposed on those who must .ship 
their products long distances to markets 
and still com|xte in price with products 
shipped onlv short distances. 'Hie long 
dishince shipper not only has to pay 
higher shipping co.sis but must pay a 
higher transportation tax than the short 
shipper. 

Los Angeles lo Lengthen 
Runway for Jet Service 

Los Angeles International .Airport 
will lengthen its present runway 2sl. 
to 10,000 ft. from its present 8.500 ft. 
to provide better tabexiff and landing fa- 
cilities for jet aircraft. 

Estimated to cost S-180,000. the proj- 
ect, in addition to the extra 1,500 ft. of 
rninvay , will include holding apron, laxi- 
wavs and lighting. The project has 
been approved and bids for contract are 
being invited. Completion dale is set 
for Nov. 1 when first Boeing 707 
is scheduled to go into opcralicm by 
American .Airlines. Runway 251. is 
designated the instiimient runway, is 
soiitiicrnmost of the dual runways now 
jxiiaileling tlie terminal area. 


Vatious wavs in which the excise tax 



Vickers Assembles Continenfol's Viscounl- lls 


Viscount 810s (A'isconnl lls) for Continental .Air Lilies are shown on A iekcrs-.Atmstrongs 
(Aircraft) Ltd. fiiul assembly line. Continental has begun first class setsacc with the 
afi-passciiger tmbo|)rop tiansporls between Chicago and Los .Angeles (.AAA June 2, p. 30). 
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ARTIST'S air view of new I'ulsa airline tenniiial shows site it will neenpy near south end of 10.000 ft. ninway (loner center). At right 
is Douglas .Aiieratt Co. plant. American Airlines overhaul base, now undergoing $20 million expansion, is at north end of runway. 


Tulsa Plans Second Terminal for Jet Age 


Bv Craig Lewis 

Tulsa— New airline terminal will be 
liuilt here to accommodate traffic in- 
creases ex|jectcd when jet transports go 
into service. Terminal project will be 
part of S53 million in construction 
scheduled for the Tulsa Municipal .Air- 
port complex over tlie next tlirec vears. 

Tulsa voters recently approved a bond 
is.'iic which permits the Tulsa .Airport 
-Authority to move ahead with its SS 


million teniiinal |iroject. It is sched- 
uled for completion by 1961. 

•Across the field from the terminal. 
•American Airlines alrcadv is at work on 
a S20 million expiiusion of il.s overhaul 
facilitv to accommodate turbine trans- 
ports on order. .And next to the .Amcri- 
ean facilitv. the .Air National Guard 
plans to start work on a new base. 

New Tulsa temiinal will allow the 
airport to be run as a dual operation. 
Terminal will be near the lii.OOO ft. 


main rnnwav which will accommodate 
all airline operations. About a mile 
west of the main runway is a pattern of 
shorter rumvavs which wn be used for 
business and private flying. 

Present nine story control tower is 
a separate structure which stands be- 
tween the old and new terminal sites, 
and it will continue to control the two 
Operations. 

New terminal will provide 16 loading 
positions, compared vvifli eight at the 
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present tctminal. it «ili be a split-level 
ticsigii in w'liich the passenger will enter 
from the roadway at ground Icsel and 
go through the ticlceting procedure. 
Main lobbv will Ire on the upper level. 

Fa.ssengcrs nill descend to the fingers 
via escalators, and present plans call 
for eight gate lobbies, .\itlinc operations 
tenters and offices also will be located 
in the two fingers. Provisions will be 
made for second level loading from fin- 
gers if it proves feasible when jet opera- 
tions ate under wav. 

Since the present main ruiivv-av is 
10,000 ft. long, 200 ft. wide and built 
of 16 in. concrete, no new construction 
is planned for turbine operations. The 
runway is currently used by B--f7s which 
arc undergoing overhaul and modifica- 
tion at the Douglas .\irciaft Co. plant 
on the cast side of the ficld- 

Nevv taxivvay will be built for the 
main runway to make it mote accessible 
to the terminal. Runwav will also have 
certain specified high speed tumoffs- 


Civil Aeronautics Administration is 
installing a centerline, flashing strobe 
light approach system at Tulsa, and the 
field is supposed to get airport surveil- 
lance radar during the coming fiscal 
vear. It is curtentiv equipped with 
VORTAC. DME, ILS and low fre- 
quency facilities, 

Should future traffic warrant it, 
there is enough land within present 
airport boundaries to accommodate a 
parallel 10,000 ft- runway. -Airport also 
owns an 8.000 ft. strip a half mile wide 
oft the south end of the insttunient 
runway and J mi. ck-ar zone off the 
north end, which is further protected 
by 2J mi. of park area. 

Cost of the project will be S8.4 mil- 
lion, vvitli CA.A paving for half of it. 
The balance will come from a S4.2 mil- 
lion bond issue, half of which is to he 
retired with revenues from airport op- 
ctatioiis- 'llic Tulsa airport has been 
self supporting since opening in 1928; 
profits last year were S4S6.000. 


Rate-of-Retiirii Plan Opposed 


By Robert H. Cook 

AA'ashington— Local .service carriers 
,ire presenting a .solid front of opposi- 
tion to Civil .Aeronautics Board’s hu- 
tcau counsel recommendations urging 
the CAB to adopt a 9.5% rate of re- 
turn computed on the carriers’ invest- 
iticnt base. 

Rebuttal exhibits in the Rate of Re- 
turn for Local Service Carriers cast tenn 
the proposal— designed to establish a 
:..te calculated to attract financing— as 
a collection of "statistical errors and 
f.niity assumptions." .Attornevs for the 
,\ssn. of Local and Toriilorial .Airlines 
say that, even if the proposal were tie- 
ecpfetl. "proper" applic.itioii could re- 
mit in a return of as high as 17.59%. 

Heart of the Cartiers’ stand is that 
their investment b.ise as compared to 
c.ipifiil turnover is so low that a per- 
centage return would result in an almost 
negligible increase. I’hcv contend that 
their present fiiuncial condition will 
deteriorate still further since the shrink- 
ing values of their flight equipment, 
cssentiallv DC-3, is slicing the invest- 
ment ba.se to wlierc it is unable to attract 
new financing (.AW Mav 12, p. 40). 

In defense of its position, bureau 
counsel savs it considers this situation 
a "temporary problem" already in the 
process of being solved by such meas- 
ures as the 90% Giuirantec Loan Act, 
I'edcral Reserve Board action in lower- 
ing discount rates, retention of capital 
gains by the carriers. |jending legislation 
lor equipment trust certificates and im- 
provement within the framework of ex- 
isting route structures. They contend 
that these actions will double the pres- 
ent investment base within two vears as 


the nitricts replace obsolete equipment. 
Objectors claim that Such a philosophy 
is almost certain to defeat its own aim. 
with a resultant financial confusion that 
could postpone loc.il carriers' freedom 
from subsidv far bcsoiid the foreseeable 
future. The lines contend that an ex- 
|jansion of their investment base can- 
not provide a stable base for rates since 
new flight equipment will depreciate 
e-.ich year. Once fnllv depreciated, tliev 
my this equipment will liave a residual 
value of only 15% of its original price, 
thus placing the carriers in much the 
.same position as they arc today with 
tlie I^C-s. Where orders for new air- 
craft may have represented a doubling 
(4 the investment base, the dcptecia- 
ticiii scale of this equipment would 
latgclv nullify aiiv increase in invest- 
ment and tlic corresponding rate of 
return Ivascd upon it. While new 
equipment is dcspciiitely needed for 
economical oper.itions. local service 
spokesmen sav thev fear the target of 
subsidy free operation may be imohtain- 
able if the CAB adopts the hurcau coun- 
sel’s method of rate making. 

I'avorcd alternatives arc; 

• Multi-element formula of 14% on 
invcstmeiil where commercial revenues 
exceed a r.itiu of 1.4 to investment or 
a combination allowing IIKI on com- 
mercial revenues where the investment 
base is below the ratio. 

• Payment of one quarter to one third 
nf a cent per available scat plane mile. 

The first proposal has been offered 
hv the Conference of Loc.il Airlines 
which includes .•Allegheny, Mohawk. 
North Central, Ttans-rexas, Piedmont, 
Srutlicm and Southwest. 

I'avoring the other proposal are Bo- 


nanira. Central, p’rontier. Like Central. 
Ozark and West Coast Airlines, all 
members of the Assn, of Local and Ter- 
ritorial Airlines. 

Under CLA’s rate plan, caniets w ith 
an investment base in excess of to- 
t.il annual commercial revenues vvoiikl 
draw a straight 14% on investment. 
Those with a lower, or depressed in- 
•veslmcnt, would draw the 14% figure 
plus an amount that would allow a 
combination return equal to 10% of 
commercial revenues. .At present, Mo- 
hawk is the only member that docs not 
have a depressed investment base. Hie 
plan is .similar to that applied to siirf.ice 
transportation under Interstate Com- 
merce Commission regulations. 

.ALTA’s proposal would average six 
to eight cents per av-ailablc plane mile 
for a typical DC-3 operation. 

Both plans would increase annual 
subsidy payments by as much as S4 mil- 
lion. which would decrease a.s new 
equipment was retired, according to the 
two org.inizafions. 

.Applied to loc.il service revenues of 
543 million for 1956. on an investment 
base of 517 million, the eatriem wouk! 
have realized a 25% return on invest- 
ment as compared with the 9.5% 
recommended by bureau counsel. Under 
the 10% formula of CL.A, the c.irriers 
netted 54.3 million in 1956 as coiii- 
|3arcd with only 51.6 million under the 
counsel proposal. 

Local service carriers have been opor- 
.iting with iin itnusitally low capital 
which last year reached a deficit of 
54.66 million as com|)ared with the net 
vvoiking capital of 5120 million in- 
cluded in the investment base of domes- 

ALTA terms the failure of biia-.m 
counsel to allow a return on anv por- 
tion of members’ current liabilities a 
"distortion of investment base." 

ALT.A claims th.it low capital is the 
major reason why a normal profit mar- 
gin would yield a high return on that 
c.ipital but does not indic.itc the one 
third of a cent formula is unreasonable. 

.Att.icking the bureau recommenda- 
tion on a 'broad front, ALTA denies 
charges that its plan constitutes a "erwt 
plus’’ forinnla since, it says, operational 
costs are calculated at five cents per scat 
mile witli a profit clement of onlv one 
tliird of a cent. The organization claims 
that with a "risk 15 times as great." it 
would not he practical to offer an iin- 
diilv large volume of service. 

’I’he Guaraiitee Loan proerani should 
meet part, but not all. of the local- 
.service carrier's loan needs since it is 
granted only for equipment and onlv in 
amounts up to 55 million per carrier. 
.AL'I'.A .S.1VS .1 substantial amount of 
more costiv loans will be needed to 
cover other equipment needs, expan- 
sion costs and sums in excess of the 
allowable 55 million. 


AVIATION WEEK, Ji 


9. 19SS 


Cargo Lines Report Executive Salaries 



AVIATION WEEK, 


9, 1958 


AIRLINE OBSERVER 

► Inclusln' contrcneisy over the no-sliow control plan has been building 
rather tlian casing since a compromise jgtccnicnl was adopted last month 
hv the Air Traffic Conference following American Airlines opposition to the 
plan {.\\y Mav 26, p. 29). Possibility is now strong that a majority of trunk- 
lines will resist any effort to water down either the reconfirmation or niini- 
iiuim time limit on ticket pickup plv.ise-s of the plan, although most airlines 
will be willing to let the S? penalts- plan drop from the picture. A sharp 
split will result with American supporting a more flexible plan, while Fastem 
will lead forces adsoeating the plan in its present form, 

^ Hearings hy Civil Aeronautics Board on the Las Vegas midair collision on 
-April 21 may extend bevond the scope of normal accident investigations. 
CAB is hopeful of taking a deeper look into the relationship of civil to mili- 
tary traffic and wants a iejx>rt on the ease that will detail the over-all problems 
basic to the collision hazard. 


► Greenwich Meridian Time (GMT) will be sb.mdard time for all domestic 
operations effective Jime H. All flight plans will be filed hy GMT and all 
Civil .\et(mantics .Admini.stration airways and navigation procedures will be 
conducted with CM'I standards. Pa.sseiiger schedules and published arrival 
and departure flight times will not be affected. Purpose of the action is to 
get a clobCT integration of international and domestic navigation procedures. 
.Airlines have been preparing for the cliangc-oscr since last October. 

►.Aeroflot. Soviet-owned airline, is converting all its 18-scat, twin-engine 
ll-HP transports to accommodate 24 passengers, ‘'thus producing many nril- 
lions of rubles additional rcvciiue anunalh." The modification, which re- 
quires strengfhcuiiig the lower part of the fuselage, will give the Russian 
Il-14Ps the same seating cajMcity is the newer, longer Il-14Ms- East 
Gennany began manufacturing 26-passenger fl-14Ps last year. 

►-Amerinui .Airlines has placed an order with I''cdotal 1'clcpiione and Radio 
Co. for Taciin compatible distance measuring equipment (DMF-'l') to lx.' 
installed on the earticr's fleet of Boeing 707 jet tr.m.s|)orts. confirming an 
earlier prediction by .Aviation W'ekk (,A\V May 12, p. 45), 

►Presidential fact-finding board completed its hearings in AA'asliington last 
week on dis]>ufes between Eastern .Ait Lines and Air Line Pilots .Assn, and 
Flight Engineers International Assn. Decision in the ease which began in 
New York I'cb. 10 is expected in about a month. 

►U.S. has won its fight for a cut in its annual contribution to Ihe Inter- 
national Civil .Aviation Or|ani/..ition. although the amount of the reeliiction 
is not as great as originallv sovight. As a result of U. S. position, entire issue 
of member assessments will Tje studied before further adjustments in eon- 
trihufions arc made. 

►Rate of rctiiiii of Class 1 railroads declined to 2.727f for the 12 months 
ending April 30 from t.SJOf for the same |)criod in 19S7. according to an 
estimate by the American Assn, of Railroads. Net income for the group 
dtopix'd to S121.5 million for the first four months of 1938 from S295.6 
million reported lot the first four months of 1937. 

► .Air Coordinating Committee has scheduled an international symposium 
on "U. S. domestic short distance navigation system— Vortac-and its relation- 
ship to the ink'tnational ait navigation svstem." Imitations to aviation 
officials and agencic.s in foreign countries are being issued through the State 
Department- IC-AO has scheduled a special meeting in I'cbmaty on short 
distance aids and their relationship to other elements of the air navigation 


► Northwest Airlines will defer ini|)leineiitatian of its Yecentlv-grantcd Chi- 
cago-Miami route until after Oct. 1. When service begins, the airline will 
offer first class service with Boeing Stratocniiscts, coach service with DC-6Bs 
and a comhination first-class/coach service with DC-7Cs. 


SHORTLINES 


► Civil Aeroiiaiitics .Administration has 
published a booklet on rr^lations and 
procedures for administration of the la- 
lior and wage provisions of the I'cdcral 
.Aid .Airport Program. 'Hie booklet. 
"I'cdcral .Aid Airport Program, Labor 
Standards and Enforcement Proce- 
dures," was prepared for guidance of 
airport project .sponsors and contractors 
pcrfomiing work under the program. 
Booklet can he obtained without charge 
from Civil .Aeronautics Administration. 
Washington 23. D.C. 

► Eastern Air Lines has taken delivery 
of its last piston-powered airliner under 
its S433 million expansion program, 
The Douglas DC-7B is the last piston 
iiirlintr to be delivered before Lock- 
heed delivers the first of Eastern's fleet 
of 40 Electra turboprop aircraft. First 
EIcctra delivery is scheduled for Sep- 
tember. 

► Piedmont Aviation Inc. in its finan- 
cial report to stockholders, on the first 
quarter of 1958. says the airline expects 
first delivery of the I'airchild F-27 in 
func. 'lire aircraft will be used for 
training purposes during July with 
three more h'-27s scheduled for dclivcrv 
in .August, h'out acUliticmal F-27s are 
scheduled for dcliv crv in September and 
October, 


► Trans AA’orld Airlines has filed formal 
notice with the Civil .Acroivautics Board 
for temporarv suspension of its service 
at Topeka. Kan. I'W.A savs Central 
Airlines, a local carrier that will soon 
begin service Ix'tween Kansas Citv, To- 
peka and Wichita, is in the best posi- 
tion to accommodate Topeka’s traffic 
flow to Iroth Kansas City and Wichita. 

► Ihiitcd Air Lines has incrc.iscd its 
vveekh flight schedules from California 
to Hawaii hv 36W, with 30 flights 
vveckiv in each direction. First class 
flights from Los .Angeles to Hawaii have 
Ix'Cn increased from four to seven and 
coach sericc from seven to nine each 
week. San I''tanciscv>IIavv,iii first class 
senicc is up from four vvcckiv to five 
and coach frrmi seven to nine. 

►U.S. Post Office Dc)>artment’s new 
regular T-eent air mail .stamp will fea- 
ture picture of a composite turbojet 
transport. Ihe shmip will he available 
on Aug. 1 when the new po.sbigc rates 
go into cffcct- 

► Flying Tiger l.ine air freight revenues 
during .April totaled 5936,226, the liigli- 
est ever recorded for that month. Traffic 
showed a 14% gain over April, 1957. 
when tcvcnucs totaled 5821. 852. 
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AN ARROW 
IN THE SKY 

Since its first flight on March 25th, 
the Avro Arrow has been meeting 
the vigorous demands of its exten- 
sive flight test program. Proceeding 
according to plan, the Arrow flew 
faster than sound on its third 
flight, and more than 1,000 miles 
per hour on its seventh flight. 



AVRO AIRCRAFT 
UMirCD 




FORGINGS. ..any type 

...from Harvey Aluminum 


press, no-draft, 
conventional, ring, 
hand, smith 


WHEN IT COMES TO FORCINGS, REMEMBER: Harvcy Aluminum makes 
any type... any size... any quantity ... in all aluminum and litanium alloys. 
And Harvey's compleiely iniegi-aied facilities give you price, delivery, quality, 
and service. For more informalion and technical assistance on forgings, write 
direct to Harvey Aluminum, Torrance. Calif,, or contact the nearest Harvey 
Aluminum factory branch listed under "Aluminum” in your classified directory. 


For new free brochure. Mill Products and Alloys, 
write Harvey Aluminum, Torrance, California, 



HTmVEY 

X^luminum 
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Bomarc Checkout Unit Simulates Flight 


Dallas-Missile exerciser developed 
for the Boeing Bomarc can provide an 
operational checkout of the interceptor 
missile's guidance system by simulating 
Sight motions. 

Built bv Space Corp. from a Farns- 
worth Electronics Co. design, the 
Bomarc flight simulator Can be used 
for periodic checkout of the missile 
when it goes into storage at operational 
bases. It can also be used for preflight 

Part of System 

Simulator is part of a complete sys- 
tem for checking out Bomarc and its 
components being deieloped bv Farns- 
worth, 

Space Corp. has built three of the 
machines, and three others arc being 
fabricated by Baldwin-Lima-Hamilton 

Bomarc e.xetciscrs have been delivered 
to Cape Canaveral. Fla., and to Boeing 
Airplane Co., Seattle. They are used 
in tlic test program now, but they ate 
designed for use as operational test 
equipment to keep Bomarc in peak 
condition in the field. 

The machine has not vet been or- 
dered in quantity. 

Missile exerciser can simulate toU, 
|iitch and yaw motions. Bomarc is 
clamped on the machine and put 
through a series of automatically pro- 
grammed tests- 

Ptograin provides a readout on the 
instrumentation system from outputs 
designed into the missile to facilitate 

Exerciser is a 50.000 lb. complex of 
heaiy steel frames and complicated 
linkage. 

It is 26 ft. long and 10 ft. wide, 
and its Il-bcam base is bolted to a 
conacte pad. 

Above the stationary main base ate 
three separate frames. Yaw frame is at- 
tached to the base through a central 
bearing, and the pitch frame sits on the 
yaw frame and is attached to it. The 
roll cradle is suspended in the pitch 
frame, and the Bomarc is clamped in 
the toll cradle. 

The 7,400 lb. dummi’ used to lest 
the exerciser is loaded with an overhead 
crane, and prcsumablv Bomarc will be 
loaded the same wav. 

Can be Tuned 

Unique feature of the exerciser is the 
fact that if is a tuned system. Its fre- 
quency of motion is two cvcies per sec- 
ond, and tliis rate is constant to all 
three motions. The machine is driven 


After successful 1,600 mi. flight from Cape Canaveral, Fla., Jupiter intermediate range 
back to Amiy BallisHc Missile j^ency. Ablation of cone surface, apparent near base, served 


by a Standard type of hydraulic system. 

Torsion tubes are used to get and 
maintain frequency and amplitude. 
Spring effect is actuated by a boost 
from the hydraulic system, then the 
system automatically feeds impulses 
which are just strong enough to supple- 
ment the spring motion and maintain 
amplitude. 

Yaw frame moves 4-5 in. from the 
center line in each direction for a total 
movement of 9 in., and other mo- 
tions ate on the same order. Missile 
goes through vaw, pitch and roll mo- 
tions one at a time, and when one frame 
is in motion, the two quiet frames arc 
locked. Testing can move from one 
motion to atiofner in anv sequence. 
Hydraulic Locking 

Quiet frames arc locked by hydraulic 
cylinders which drive lock pins. Locking 
is automatic. The machine is addi- 
tionally equipped with an O'Cr-ampli- 
tude switch which shuts it down wlien 


amplitude exceeds the operating rate. 

Machine is driven by a variable dis- 
placement piston pump with booster. 
It takes 800 [3si. to run the unit in all 
motions, but it is pressure tested up to 
1,500 psi. 

Bomarc is attached to tlic roll aadle 
with two large clamps- Cradle also has 
an elevating screw mechanism which 
presses against the missile’s ramjet out- 
riggers, giving added rigidity and a 
leveling effect. 

Air Transportable 

Missile exerciser is air transportable, 
along wifli the rest of tire Farnsworth 

Exerciser's portability is limited by 
the fact that it needs a concrete pad. 

Farnsworth system has 40 pieces of 
test equipment for checking out the 
missile and its components, all of them 
of a go, no-go type. System is designed 
for use bv ordinary airmen with no ex- 
tensive technical training. 


Jupifer Nose Cone Survives Re-entry 
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Ill tlic urcii of iiiu:iitotv control, the 

• Permit worldwide iiccouiitabnity and 
control of assets, automatic resupply 
and precise ii|)-to-datc record data. 

• Kacilitate requirement and hiidgel- 
buv conipuhitions. 

■ finable ballistic mis.sile manager to 
balance stock lesels at optimum point'. 

• Minimize problems of disposal ami 
obsolescence of eqiiipmeiit. 

• Give accurate data for most economi- 
Ciil use of transportation, 

• ,\id ill cataloging and preplamiing of 
maintenance sdicdiilcs and workload'. 

About 200 ,\ir horcc petsiimiel will 
be on 24-hr. diitv at the processing cen- 
ter. 

Five full-time IB.M technicians will 
be assigned there to handle tlie center's 
equipment maintenance. 

IBM 70i computet, cxpiiiuled greatls 
at Norton by the adrlihon of mam 
auxiliary components, will include sO 
magnetic tape units, each capable of 
storing fisc million types of information. 
Svstem is expected to ultimateK require 
niotc than 5,000 reels of taiie In its 
library. 

Indications arc that .Air Force is also 
thinking of applving tlic electronic data 
processing systcin to aircraft logistics, 
Dceause of the increasing complexity 
of weapon systems. In such a ease the 
processing system vvouhl liave to be 
keyed witli initial projection of the 
weapon system. 

Key personnel associated with the 
processing center at Norton are Maj. 
Gen. K- \V. .Anderson, conimander of 
San Bernardino Ait Materiel Area. Col. 
Philip B. I'ootc, lieading fire newl;- 
created Ditectoratc of Ballistic Mis- 
siles, and Col. Robert K. Kitbv, who 
will direct technicians m the operation 
of the center. 


Norton AFB Will Process Data 
'Po ExperJite Missile Logistics 


San Bernardino, Calif.— FIccttonic 
data processing center for direct sup- 
port of ballistic missile program was 
ofBciallv opened here at Norton AFB, 
Scheduied to be completely operational 
in July, the center will be managed by 
Directorate of Ballistic Missiles, jast 
fonned for this function in Ait Mate- 
riel Command’s San Bernardino .Air 
Materiel .Area, headquarters located at 
Norton. 

Data processing system will be able, 
in a matter of minutes, to handle diffi- 
cult logistics problems associated witli 
tlic Atlas and Titan intercontinental 
ballistic missiles and llior intermediate 
range ballistic missile, and to expedite 
management actions in connection vyitli 

quaLiv control and other factors. Iliis 
o|xtatioual capability will allow ex- 
trcmelv fast liaison between .WlC's 
Ballistic Missile Manager Maj. Gen. 
Ben I. Funk, ballistic missile operating 
squadrons, supporting .AMC bases and 
missile contractors to institute vital ac- 
tion in minimum lapse of time. In 
some cases the system is expected to 
reduce stock supply requirements from 
45 to 15 davs- 

Ileart of data processing svstem is 
general-purpose digital computer, In- 
ternational Business Machines Corp.'s 
IBM 705. Computer will acc^t inta 
from operational units, pass infomia- 
tion to weapon system storage sites, 
depot or contractor, and set in motion 
the airlift responses. Transaction infor- 
mation will come over transceiver net- 
works in and out of the control loca- 
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British Conducting 
Shock Tube Tests 

Tcddiiigtoii, England— Nine months 
of shock-tube tests at the National 
Physical Laboratory here have con- 
vinced British scientists of two things; 
•Shock tubes ate useful tools for liypcr- 
sonic and physical studies. 

• American data, obtained in about a 
dozen shock tubes in half-a-dozen loca- 
tions. is "quite accurate." 

National Pliysical Laboratorv's hv-per- 
sonic shock tube, built as a development 
item for a planned tube, has a 5-in. dia. 
in the driver and a 1 54-in. dia. working 
section. Macli nunt^ts of approxi- 
mately nine can be reached at a simu- 
lated altitude of 200.000 ft., with an 
upstream pressure of 200 atmosphcrcs. 
Bigger Tube Planned 

Tire next tube will be double the di- 
ameter in the driving section, and will 
sinrulatc Mach numbers up to 20 and 
altitudes down to about SO, 000 ft., us- 
ing upstream pressures of the order of 
1.000 atmospheres. 

In addition. National Physical Lab- 
eratorv scientists have designed a hel- 
ium tunnel and is now opetating a 
small water-cooled electric arc tunnel- 
If funds become available, they intend 
to build the helium tunnel and may 
possibly invest in a condenser bank for 
operation of the electric-arc tunnel 
similar to the "Ilotshol'’ tunnels devel- 
oped by engineers of the .Air Research 
and Development Command’s .Arnold 
Fngineeriiig Development Center (AW 
Feb. 24, p. 34), 

Scientists working on the shock lube 
tests acknowledge the leadership of the 
U.S. in this area of investigation, and 
envv the number and variety of these 
installations in America. ".About ail 
we've done so far." said one. "is to con- 
firm that Avco turns out accurate and 
highly useful data." 




Photography Obieetive 

•A basic investigation in the National 
Physical Laboratory shock tunnel 
centers around the physical mechanism 
of starting. The whole problem is to 
get a time sequence of pictutes as the 
sliock wave passes the object in the 
tunnel, all in the intcnal of a fraction 
of a microsecond- A standard ballistic 
camera of the Cranz-Schardin tyqn' has 
been adapted by National PItysieal Lah- 
oiatorv technicians to do the job, I’he 
camera takes eight pictures in sequence 
at the rate of about three per miao- 
sccond. Hooked into the schlieren sys- 
tem. the cameta supplies ciglit hi^- 
intensity pulses of light made by a spark 
g«P- 

Thc light sources are spaced on a 








scch'on of busic tower btruetiire is welded. The Martin Co. is prime contractor for Titan. 


Titan Missile Ground Support Equipment 
Includes Steel, Aluminum Erector Tower 



0\-cr.all view of heavy steel seclirm of lower is shown above. Bottom photo shows the 
alumiunin majiwav and ladder wlrieh run vertically alongside the erector tower for the 
complete missile. Access pbtforms to diltercDt Icvds of the tower arc at the right of 
the structure. 



circle around tlie centnii lens of the 
sclilicrcn svstcni, and register the pic- 
ture in iiiirrot-inugcs on u standard 
piiotr^rapliic plate. 

In the phvsical-studv shock tubes, 
thtcc-ceiitimclct microwave' equipment 
is being used to study the electron dens- 
ity of a high-speed shock system, Tiic 
importance of such a studv is hinted at 
li\ kmwiedge (if the high degree of ion- 
ization of air at the nose of a ballistic 
missile. 

Tracking Telescopes 
Use Special Gears 

Reduction drive of an 84-ft, dia. radio 
lelcscopc tor tracking missiles, satellites 
and stars has a niasimum gear ratio of 
1,440,000 to 1. 

hinal reduction of the drive is a 50 
in. center distance double enveloping 
worm gearset. Stationars- gear is cut 
into the outside diameter of the steel 
race of a large hall bearing which sup- 

E orts the paraboloid antenna. The 
tonze worm tracks around the gear at 
a rate of one revolution per day. 

Gearset unit was fabricted by Cone- 
Drive Gears Division, Michigan Tool 
Co.. Detroit, Mich. D. S. Kennedy & 
Co., Coliassct, Mass., is in the process 
of building six of tlie telescopes for in- 
stallation in vatimis path of the world. 

Bomarc Control Job 
Goes to Westinghouse 

\\ c.stinghousc hlcctiic Corp. will de- 
velop and test an advanced ground con- 
tiol .svstein to guide the Bomarc ait 
defense missile. Contract, approximat- 
ing SIO million, will be undertaken by 
tlie company's Flcctronics Division, 
Baltimore, Md. Prime contractor for 
the project is Boeing Airplane Co. 

Project, concurrent vvifh Boeing’s 
over-all advancement of Bomarc weapon 
svstem. e.ills for development of ground 
guidance of the missile to a point where 
Bomarc’s built-in tennina! guidance will 
take over and lock the missile on target. 

.Advancements called for include: 
control of the missile over longer 
ranges, ability to "trade” inforaiation 
automaticallv with other Bomarc 
ground svstems. reduction of equipment 
size and the ability to track more targets 
simultaneously. 

Lockheed I)ivit<ion Expands 
Navy Polaris Development 

Lockheed Missile Svstem Division 
will cxpanci Navy-owned Polaris devel- 
opment facility at Sunnnnle, Calif. Of- 
ficials said accelerated tempo of entire 
Polaris program has advanced second 
phase date originally set for next year. 



Draped with heavy c-anvas protixtive cover. Jupiter intermediate 
range ballistic missile is lo.vdcd onto Dunglas C.124 (or shipment 
from .Arm; Ballistic Missile .Agency at Huntsville. Ala., to US.AF 
Missile Test Center, Cape Canaveral. Ha. Jupiter is transportable 
by ground, sea or air. First fnll-scale IRBM uose eonc to success, 
fully survive re entry into the earth's atmosphere was launched by 
an Armv Jupiter from the USAF Missile Test Center. Cape 
CanaverjI. Ma. (AW May 26, p. 581. 


Jupiter Prepared 
For Launching Test 




Missile technician works in nose section of Jupiter (arrow, left). He probably is adjusting aviooics instruoientatiosL Purtinn of gantry crane 
is at right of picture. Photo at right show.s entire missile and support complex, with gantry in position at the launch pad. Exhaus- 
tive tests are made on missile and its control equipment until just prior to the actual bunching. Gantry moves to a safe distance some 
lime before lupitei is -tired. Markings aid visual tracking. 
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...and reliability is imperative! 


If the time comes for ACT/OAf... when every scconrf 
is precious . . . there will be no time for high-precision, 
screw-type electrical connectors where slight mis- 
alignment could cause difficulties. 

That will be the time when the new Cole Connectors’ 
will prove their worth. For this entirely new type of 
connector does not rely on precision tolerances or 
screw-type couplings to function properly. The 
unique two-ball-and-socket principle of its contacts 


automatically compensates for imperfect alignment 
of pins, enables it to withstand rough treatment, 
high shock and vibration. 

In addition to this outstanding advantage, the Cole 
Connector can be made to m^e or break any num- 
ber of contacts simultaneously,,, thousands if neces- 
sary, yet can be manufactured economically in small 
quantities. It may provide the solution to your con- 
nector problem. Send us your requirements and we 
will determine if it is apphcable. 


NEWS FLASH! Cole has now miniaturized this principle for plugs similar to 
AN connectors and will consider special developments. 



(2oU 

ELECTRIC CO. 

8439Sleller Drive 
Culver City, Calif. 



New Minlslurized ElectcicsT 
Substation (using Cole 
Connectors) for ground- 
power clieclioff of 

GUIDED MISSILES 



F4H-1 Stresses Range in Navy Order Bid 


Nan’.i! nc«’ McDonnell IMH-l jet 
fighter, which has just made its first 
flight, appears to be roughiv comparable 
ti competing Chance Vogght F8U-n 
at altitudes Ixlow 60,000 ft. since both 
aircraft have same speed limit abosc 

Carrier Aircroft 

Both aircraft are designed for Nasy 
carrier sersicc but apparentlv the choice 
will depend on actual mission capa- 
bility. McDonnell F4II-1 reperrtediv 
has greater range and can petfonn 
traditional carrier mission of cruise to 
assigned sector, loiter while waiting for 
target, engage in combat for five min- 


utes and cruise back to carrier. M'itli 
one engine shut down, the F4H would 
gain additional range. 

Howcscr. FSU-? has greater altitude 
crpability because of rocket engine. 
Maneuverability and turn performance 
of Cliance Vought aircraft thus nould 
be superior above the 60,000 ft. alti- 
tude. obsenets feel. Aircraft made its 
first flight last week. 

lire McDonnell fighter wings are 
swept back 45 deg. Aircraft carries pilot 
and radar observer (AW June 2. p. 21). 
Powerpbnls are two General Electric 
J79 engines producing 10,000 lb. thrust 
each; use titanium sheeting near twin 
tailpipes, 


Engine inlets appear to be variable 
geometry type in wliich a hinged ram|) 
adjusts diameter for maximum effi- 
cicnev, similar to that used on Con- 
vair F-106 all-wcatlicr interceptor. 
F4H-I also is equipped with drag cniite 
to slow landing roll. 

Anhedral Wingtips 

.Anhedral wingtips arc said to im- 
pro\e stability and control by offsetting 
25 deg. negative dihedral of horizontal 
tail, especially at high angles of attack. 
Unusual tip configuration also offsets 
ativ pitchup tendencies. 

Plane can be equipped nith four 
Sparrow 111 air-to-air missiles and also 
is capble of long-range dclis'ecy of con- 
ventional and nuclear bombs. Aircraft 
is said to have greatest range of any 
Navy jet fighter. 

Refueling can be accomplished at 
supersonic speeds by probe and drogue 
or bv buddy svstems. 

The aircraft is 56 ft. long, has a vring 
span of 38 ft. 5 in. 

J. S. McDonnell, president of Mc- 
Donnell Airaaft, said 4.202 einplovcs 
now arc working on the F4I1-1 project. 
He said 6.800 man-hours were ex- 
pended on the design and construction 
of the initial aircraft before its first 
flight. 

Discussing the economics of Mc- 
Donnell Aircraft’s entry into the super- 
sonic. carrier-based interceptor field, 
McDonnell said “stability of cm- 
plovanent at the companv would be 
dependent to a very considerable dc- 






gtce on tlie Navy's acceptance of tlie 
plane for volume production." 

F4H-1 Subcontractors 

He stressed tliat approximately 1,500 
subcontractors and suppliers from 28 
states arc inroUed in tlie ['4II-1 proj- 

,\bout 400 of those companies arc 
located in the metropolitan St. Louis, 
Mo., area. 

"llic abilih of out planes to dcstrov 
encinv aircraft is m> longer dependent 
solely on speed, tangc ot altitude cijm- 
bilitics," McDonnetl contended. " To 


do the job todav. nnr planes must be 
considered as part of a complete 
weapon system that also includes spe- 
cial radar, novel detection means and 
guided missiles." 

lie referred to the advantage of 
radar operators in missile firings and 

"'I'he fact that the (RII-1) has two 
engines is certain to mean a higher 
survival rate in training and combat 
operations." 

1'4IM, he continued, is designed 
with a “liberal allowance for growth 
potential." 


Kaiiian Laboratory 
Construction Starts 

Bloomfield. Conn.— Kam.in Aircraft 
Co. has broken ground for new engi- 
neering lahor.itors building which will 
be completed Sept. I. 

Laboratory, wfiich contains 9,600 sq. 
ft of floor area, is loe.ited near 54,000 
sq. ft. engineering and administration 
building now niiclet construction. 

New laboratory is steel frame with 
ijiasonrs’ walls and b\o ribbed gaban- 
ized steel W'jlls. 



General Electric Tests Aft-Fan Turbojet Engine 

Military version of General Electric Co.’s 
CI-SOS-21 alt-fan turbojet engine is shown 
above being wheeled into test looni. Engine 
is being readied for fliglit test on US.^F jet 
tankers. It has undergone several months of 
testing at General Electric’s Evendale, Ohio, 
faeflity (AM' May 26, p, 35). Aft-fan coin- 
|x>nenf (right, above), .show*n in final assem- 
bly stage, is added to basic gas generator in 
three sections. Test iDstrunicntation is visi- 
ble. Rear fmiiie .supports fan. Fan wheel 
is not mechanically coupled to CJ-803-21 
eugine turbine rotor. First cross-section of 
the engine (right) shows fiec-flnaHiig tur- 
bine which drives fan. with onlv aerodv- 
namic connection between turbine and three 
turbine stages of t)ie basic engine. Free- 
floating turbine is snpportcd by a bearing at 
each end of the shaft. Pow'cr-tiiTbinc stages 
ate supported by conical shaft. 




Hiller Assembling Prototype 
Tilt Wing X-I8 for Air Force 
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T53 Designed for Maintenanee in Field 




By Erwin J. Biiiban 
Stratford, Conn.— Design of Lycom- 
ing's T53 360-shp. turbosliaft engine 


rifice of some wciglit sasing in an at- 
tciii|jl to provide rcliabiiih' in tiie field 
where niiniinuin of maintenance facili- 
ties and trained personnel mas be avail- 
able. 

Primary eoiisideiation was given to 
tile Army mission involving operations 
close to the battlefield. 

Tlicsc parameters resulted in the 
T53 basing these basic features: 

• Compressor of axial-flow configuration 
for tlie first five stages, plus a centri- 
fugal im|seller as the final stage. Rea- 
son for this, in addition to reducing 
the engine’s length, was to avoid high 
number of axial stages and attendant 
multiplicity of small axial blades tliat 
Lycoming engineers felt would increase 
initial manubeturing costs and spares 
requirements and also be more suscep- 
tible to foreign object damage. 

• Couibustcr of annular external con- 
figuration also houses the po«er turbine 
as part of the combustcr a.ssenibly, pro- 
viding short length. Quick removal 
provides easy access to all engine hot 
parts: reverse-flow design is aimed at 
even radial tenrperatiirc distribution at 
the turbine inlet to increase life of 
turbine components. 

• Turbine output shaft passes through 
the T53's hollow compressor shaft al- 
lowing reduction gearing and power 
output to be placed at the cool front 
area of the engine. Short engine length 
aided this placement of the shaft. 
Market Potential 

Like General Klectrie, which is plan- 
ning a wide industrial market for its 
T58 (AW Mar. 17, p. 52). Lycoming 
is studying numerous applications of 
the T53 for civilian and militarv use 
including ground power generation and 
in ntarine vehicles. Like the T58. the 
Lycoming engine is also being studied 
for use in Navv's new class of hvdrofoil- 
cqui|)ped high speed landing CTaft, on 
which several rcseatch contracts have 
been let. 

,\viation applications thus far include 
firm production programs such as the 
Bell MU-1 (formerly Il-tO). Kaman M 
43B, VcTtol 107 and Grumman .\0-l 
Mohawk turboprop; other installations 
include the Doak X-16 ducted fan 
VTOL research aircraft, tlic Rvan Vei- 
tiplane vectored sUpstream VTOL re- 
search plane and flic \’ertol 76 tilt-wing 
VTOL. Test-bed inshillations include 
the Kaman llOK-l and Vertol 105 heli- 
copters. Engine has compiled a total 
of some 1.000 hr. of operating time. 


AVIATION WEEK, Ji 


?. 1958 


with approximately 450 of these being 
flight time. 

T55-L-1 recently passed its 150-ht. 
USAK qualificatiou trials at 860-shp. 
rating, an improvement over the 823- 
slip, it was rated at prior to the test. 
This qualification trial was of consider- 
able importance to the Stratford plant 
considering that USAI'-Army had earlier 
given it a production ctintract totaling 
approximately SIO million calling for 
initial delivery of engines next Janu- 
arv. Engines contracted for ate sched- 
uled for tire Bell HU-1 and Kaman 
1I-43B helicopters. 

Lycoming production plans call for 
initial output of four or five T53s 
monthly; comp;mv expects to produce 
in excess of 500 engines by 1960 vvitli 
production geared to approximately 50 
T55s a month. 

Cost Should Drop 

This production quantity ntay btiiig 
cost of the engine down to 565 per 
hoisepovver, further decreasing to ap- 
proximately S35 pet horsepower in 1962. 

In addition to the T53-L-1 turbo- 
shaft, Lycoming is also counting on a 
market for the turboprop version, desig- 
nated T53-L-3. slated to deliver a mini- 
mum military takeoff power of 960 slip, 
plus 113 lb. residual thrust for a toUl 
of 1,005 eshp. at 1,700 propeller shaft 
rpm. and providing specifical fuel con- 
sumption of .655 at takeoff power. 
Fuel specific is sliglitlv improved over 
the T53-L-1. which is given as .673 
Ib./eshp./hr. at militarv power. In- 
stallations include single and dual con- 
figurations, the latter providing high 
takeoff power with advantage of being 
able to shut one engine down for op- 
timum cruise characteristics for com- 
mercial or military missions. 

Lycoming foresees developing the 
T53 turboshaft engine to more than 
1,000 shp. by increasing operating tem- 
perature; it also plans to develop the 
turboprop T53-L-5 in stages. Current 
version, delivering 960 shp., could be 
boosted to 1.050 shp. using new gear- 
ing arrangement and further power giiin 
made to 1.250 shp. by incoiporatiog 
some transonic stages in compressor. 

,Mso in the works is the larger T53- 
L-1 delivering 1.676 eshp. at takeoff at 
1,320 propeller shaft rpm. and specific 
fuel consumption of -648 and a turbo- 
shaft version, the T55-L-3 with similar 
performance characteristics. T55 weight 
is about 600 lb. As yet Lycoming has 
not been able to develop sufficient mili- 
tary interest in programming these 
mote powerful units. T55 is currentlj 
running on tlie test stand. 

T53’s axial-centrifugal conrpressor, 
designed to achieve pressure ratio of 
approximately 6:1, consists of fivewliecls 
holding stainless steel lovv-liatdncss-level 
non-chip blades for the initial stages fit- 



AVIATION WEEK, Ji 


9, 1958 



/ 


INTERNATIONAL DELINQUENCY 


Nuclear weapons ready to be delivered by jets and missiles 
are vital. But in cases of international delinquency, 
they would be like city police using tanks to 
prevent a rumble by juvenile delinquents. 

United States Navy carrier groups, like cops on 
their beats, protect our citizens, make 
rescues, and keep the neighborhood quiet. 

If called on, they can restore law and 
order with a wide choice of weapons from 
a complete arsenal. Carrier groups are 
also our best protection against 
submarines capable of launching missiles, 
plus being a deterrent to all-out aggression. 



GRUMMAN AIRCRAFT ENGINEERING CORPORATION • Bethpiiee ■ Long Isla 


• New Yo 



COMBUSTION CHAMBER with pnwci 
rot tailing out entire cn|inc. 

ted togetlict with five spacers. 'Hic asiaJ 
i.,imprcssor sections and the centrifugal 
rotor are tied togetlicr by a sleeve wliicli 
IS screwed into the compressor stub 
shaft. 

I'irst ring, forming a bearing support 
unit, is steel, other four rings are alum- 
•■min: spacers are steel. 

Titanium Proposed 

Centrifugal rotor on current produc- 
tion engines is steel, but Lycoming is 
planning to go to titanium for this 
wheel on a later model, cutting some 
1 1 lb. from its weight and reducing 
acceleration time bv 1 or 1 J see. 

Compressor blade retention utilizes 
small pins retained to pins in the blade 
dovetails. Blade dovetail has a slot ex- 
tending only approximately halfway 
across it. 

I'or mounting, blade is slid over 
a tab washer until the half slot hits 
the stop pin. then the portion of the 
tall washer jutting out is bent upwards, 
holding the blade in place. 

No T5> compressor unit has been 
lost in operation. Lycoming reports; 
companv notes that fabrication of the 
blades permits them to bend, rather 
Ilian lireak, sliould they encounter for- 
vigii objects such as bolts. One engine 
swallowed a quarter-inch holt that came 
free from another part of the aircraft; 
•iftcr the engine was shut down and in- 
'.]jected it was noted that compressor 
Wades were bent and twisted but none 
Ilf them had broken loose. 

Compressor housing is a magncsiiiin 
•issembly split horizontally, bolted to- 
gether for ease of disassembly. Stator 
blades are cut from iO-in. strips of 
Killed steel and arc of constant airfoil 
shape. Production cost of these blades 
is estimated at 50 cents each. 

SO 


I'ivc tows Ilf stators ate furnace- 
brazed to inner and outer shrouds, three 
screws holding each stage on each up- 
per and lower half of the housing. 

AiiK-icing provision uses a hot-air 
valve bleeding forward from the centri- 
fugal compressor, taking 400-500 deg. 
ait to the inlet housing to protect the 
inlet guide vanes on top and two hori- 
zontal struts. 

Diffuser-Combustion Area 

After leaving the centrifugal final 
compressor stage, the air is channeled 
into a radial diffuser section containing 
straightening vanes to eliminate the 
swirting and also reduce air velocity prior 
to combustion. 

Engine diffuser section is also the 
mam support area for the engine, pro- 
viding tfircc mounts, duplicating three 
mounting points on the inlet housing. 
Section also provides support for the en- 
gine’s No. 2 bearing. 

Combustion section is tied to the 
cliffusct with a bolt circle that allows 
the contbustor and power turbine to be 
removed easily from the engine for 
checking the combustor or for access to 
both turbines. 

Isiigine’s hot parts are designed for 
ease of accessibility. Power turbine is 
supported within the exhaust diffuser, 
which is part of the combustor assem- 
bly. Entire assembly, including com- 
bustor, can be removed from the enfiine 
without disturbing other rotating parts. 
Removal of this assembly provides ac- 
cess to combustor liner, fuel vaporizer, 
turbine whccis and stators. 

Annular combustion systenr lakes air 
from the diffuser, passes it between the 
liner and housing and tlicn through 
holes and louvers into the combustion 
area, where it is mixed with fuel vapor. 
Openings in the liner pass diluted air 
into the combustion area. Burning gas is 
then passed through the first stage tur- 


hine nozzic and the first stage turbine 

Turbines are single-stage units con- 
sisting of nozatle, vvhee! and shaft. Tur- 
bine nozzle consists of an outer ring to 
which vanes are welded to form the noz- 
zle. Turbine wheels are made up of 
solid wheel disks with each blade held 
to the rim bv a pin through the wheel 
rim and the blade root. 

First-stage nozzle and first-stage tur- 
bine wheel, together with the axial- 
centrifugal compressor, diffuser and 
combustor, make up the gas producer 
section, the compressor rotor assembly 
being directlv connected to tiic gas pro- 
ducer turbine wheel. 

Power turbine asscmblv is composed 
ft the second-stage nozzle, second-stage 
turbine wheel and interconnecting shaft 
and gears to the engine output sliaft. 
Planetary gearing reduces power turbine 
speed 5,22;1. Reduction gearing is lo- 
cated forward, at the engine's “cold 
end," to provide greater reliability and 
life of gears and highspeed bearings. 
T52’s makeup is such that rear drive in- 
stallation, as well as power output at 
botli ends, can be readily handled. 

Connected to the producer section 
is the power takeoff for auxiliary drives, 
providing up to 30 hp. 

Power Control 

I''uel and power control unit is 
grouped in the wasp-waist section of 
the engine to maintain minimum diam- 
eter. I'ucl flows from the control di- 
rectlv to the main fuel manifold, enter- 
ing through eleven T-shaped injection 
nozzles. On activating ignition, fuel en- 
ters tlic starting manifold and into the 
combustion chamber via five starting 
fuel nozzles- Two of these starting noz- 
zles work with the igniter in initiating 
combustion, other nozzles assist in 
flame propagation. 

Engine power control is a simplified 



single lever. Normally, free power tur- 
bine rotor speed is controlled by tlie 
power turbine speed governor; gas pro- 
elucer turbine speed governor prevents 
the engine from overloading or combus- 
tion blowout due to sudden changes in 
power selection. Power control lever 
covers these positions; 90-95 deg., mill- 
hity power; 25-50 deg-, flight idle; 10-1' 
deg., ground idle and 0-5 deg., off. 

Minisler Adds Details 
On Swallow Project 

London— L'lirthcr details of Vickers 
Swallow project have been given by a 
government spokesman in the House 
of Commons. 

Supply Minister Aubrey Jones said 
research on the variable geometry air- 
craft had been underway 10 years when 
it was decided last year to move bc- 
vond fvindaniental research to the con- 
struction of an actual research aircraft 
(AW May 19, p. 341- 

Vickers .Armstrongs was invited to 
submit a proposal based on the Barnes 
Wallis research. 

■■'I'hc proposals were for the con- 
struction of a tescarch aircraft which 
might prove the foundation for a 
bomber to succeed the supersonic 
bomber," Jones said. "In other words, 
it was a research aircraft which might 
be the foundation for a post-supcrsonic 
bomber." 

I’hc supersonic bomber, however, 
was caiia'Icd following the 1957 De- 
fense White Paper. 

"Accordingly, I informed Vickers 
that the propos.il in the form in vvhidi 
thev had counched it could no longer 
rank high on the list of priorities, " 

"But I added that the Ministry of 
Supply was still extremely interested in 
the whole principle of variable geomctiv 
and invited the companv to submit 
alternative proposals, proposals vvliieh 
would applv the principle in a differ- 
ent forni. a form different from that 
of the supersonic bomber." 

I’hc minister said that since then, 
certain altcnialivc proposals have been 
received from Vickers. 'I’hesc are be- 
ing examined by British and U. S. Air 
Force ofBcials. 

Vickers reportedly is conliiiiiing the 
Swallow project at its own expense. 
Until government support was with- 
drawn, .Ministry of Supply has provided 
S0% of Swallow funds, with companv 
putting up the remainder. 

Jones was cli.illenged by a Member 
of Parliament who declared; ’’If as a 
result of false advice or false economy, 
Dr- Barnes Wallis is driven out of this 
country, I shall do niv’ best for tlic 
rest of my life to find out wlio was 
responsible and expose him in the pub- 
lic eye." He said some 775,000 experi- 


ments on the project have been carried 
out by Wallis. 

Wallis, he said, was almost in despair 
last September bireause he believed he 
was on the brink of one of the most 
important discoveries of his life at the 
moment the axe came down on defense, 
ft was for this reason the U S. was 
brought into the picture, it was said. 

'I’hc government listed for the flousc 
three new aircraft requirements vvliiclt 
it considers "clearly essential"; 

• Replacement for Beverley freighter. 
■A spokesman said it is planned to con- 


tinue using the Beverley as a heavv 
freighter until the mid-1960s. It is for 
the following period that a successor 
is being sou^rt. 

• Replacement for Canberra bonibet. 
.Although the Blackburn NAA. 39 (AW 
Mav 12, p- 29) still is being considered, 
it may be necessary to obtain a tactical 
strike aircraft which is supersonic, it 

• Rc]>lacenient for Venom. I'rials for 
tliis aircraft are to he held in tlic Aden 
protectorate this summer, with tlic 
l-'ulland Gnat as a leading contender. 



COAXIAL Kamov Ka-lS helicopter is powered bv 2S5 hp. engine, has top speed of 95 mph. 


Coaxial Ka-15 Designed for Utility 


Russia has disclosed rotor system de- 
sign details and operating cbaractcris- 
tics of its two-place lumov Ka-1 5 
coaxial helicopter, which it calls "the 
pioneer craft of its type in actual use." 

Together with the larger, four-place 
Ka-18 "Hving automobile." the Ka-15 
is hailed bv the Soviet press as another 
example of Russian siiprcmacv in aero- 
nautical engineering. Tlic USSR claiins 
that "not withstanding many attempts 
to bring coaxial helicopters to the point 
of practie.il utilization in foicign coun- 
tries, nobody (there) ha.s V’ct succeeded 

Designer N. I. Kamov, who helped 
build the first Soviet autogiro-the 
K.ASKR-1-in 1928, started planning 
his first small coaxial helicopter in 
1945. His single-place Ka-lOm 'aerial 
mntorcvcie” was publiclv demonstrated 
in 1952- 

'llie Ka-15 is powered by a 255-lip. 
engine, has ,i top speed of 95 mph. and 
a cruising speed of 78 mph. (AW Nov, 
25, p- 80). Range is 2J to 4 hr., and 
ceiling is 10,000 ft. 

Special attachments permit using the 
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. . . new lightweight 
aircraft transformers 

withstand extreme shock 
and vibration 


A line of rugged, lightweight transformers specifically designed for high- 
acceleration, high-shock applications has been developed by Westinghouse 
Electric Corporation. 

High resistance to extremes of pressure, vibration and shock makes 
these transformers ideal for many applications in both piston-powered 
and jet aircraft, as well as in high-thrust applications encountered just 
above missile-launching pads. Fitted with form-fit cases, these new trans- 
formers have no resonant points to well above 500-cycles vibration and 
are shock-tested at 50 gravities. They are completely insensitive to very 
high differentials of internal or external pressure. 

Now in production at the Westinghouse Greenville Plant, these new 
transformers are available in ratings from 10 va through 5 kva, single- 
phase or three-phase, 400 cycles, 2500-volt test. 

Contact your nearest Westinghouse representative for complete infor- 
mation on how this small, rugged unit can help solve your aircraft or mis- 
sile transformer problem ... or write Specialty Transformer Depart- 
ment, Westinghouse Electric Corporation, P.O. Box 231, Greenville, Pa. 

you CAN BE SURE...ifit's Wfestin^house 



pin for hoii<mihil hinge; 7— needle bearing 
for axial binge; S— ball bearing for axial 
hinge; 9— blade pin; 10-tlmist bearing for 
axial hinge. 



pitch; 7— coaxial xKaft; 8— lower slider; 9— 
iip|HT slider: 10— worm for control s|xx)l; 
11— guide for blade pin; 12— lower slot- 
binge; 13— middle .slot-binge. -Arrows show 
directions of rotation of rings of automatic 
devices and sliders, 


Ka-1 3 fur agricultural, mosijuito cxiii- 
hol and rescue work. 

-According to K;imov, coaxial Itclitxip 
ters Iras'c better liaiidling qualities -and 
ate more economical than single-rotor 
designs. He adds that the coaxial craft 
can be built smaller and mote s\in- 
inctrically. 

Pilot Training 

Sox'ict liclitopter enginaT V. Biryn- 
lii) points out that coaxial helicopters 
such as tire Ka-1 5 hare important ad- 
santuges in pilot training, “since llic 
i.peration of their controls is closet to 
that of an aitpianc.” 

llie Ka-1 3’s lifting system consists 
of two identical rotors located one 
,ibo\c the other on a single gcoinelric 

Turning in opposite directions, the 
tlircc-bladcd rotors arc fastened to con- 
centric shafts. 

Pouet from tlic engine ctanksliaft is 
transmitted throngli an intermediate 
reducer to a distributing reduction gmr. 
Two shafts come from the disttihiiting 
reducing gear— a shorl. outer one for 
the lower rotor and a long, inner one 
for the iip|>cr rotor. 'Hie distrihiifiiig 
icduction gear divides the powvr l>c- 
Iwcen the two rotors and produces tlieir 
contra-rotation. 

The Ka-1 3's tail asscnibly, fcatiiring 
twin fins and rudders, is similar to that 
of an airplane. 

In general. Kamov fjiors fmir svlieel 
landing gear for liis coaxial craft to 
proiade better stability while mo\iug 
along tlic ground. 

Control is Simpio 

According to Biryulin, control of .1 
coa.\ial helicopter such as the Ka-1 3 i.s 
simpler than tor a single-rotor Irelicop- 

Main difference, he says, is in course 
(directional) control. 

"Longitudinal-lateral control |hy cy- 
clic pitcli) for coaxial and single-rotor 
helicopters is similar. The oiil\' differ- 
ence is that with coaxial hcUcoptets, 
when the stick is mo\ed in any direc- 
tion there is an approximately parallel 
tilt in the same direction b\- both rotor 
disks. 

"Collective pitch control on the 
Ka-1 5 affects all the blades of the up|)cr 
and lower rotor simultaneously and to 
ihe same degree, llie collectiw jsifeli 
and throttle mechanism operates ex- 
actly the same as on a singlc-tolor 
lielicopter. 

"Course (directional) control with a 
coaxial helicopter sucli as tlic Ka-1 3 is 
acliicsed (tlirough pedal operatiem) In- 
two methods: by differential change of 
tlic rotors' collectixe pitch and bv the 
rudders. . . . 

"Operation of all three control de- 
l ices-cyclic pitcli stick, collectiiT jiiteh 
lever and pedals-is entirely iudcpeiid- 



sleeve for differential pitch; -4— iiitcroicdiatc 
Ibreaded sleeves; 3— long coaxial shafts. 


eiit. Piloting a coaxial helicopter is par- 
ticularly simplified near the ground 
when there is a limited landing area 
euiilaiiiing obstacles. Thus, for cxain- 
|ile, it is considerably easier to land on 
;i ship's deck or to fly lictwcen trees. 

Hiryiilin says "tlie reaction lag to 
stick operation in flic Kamov coaxial 
helicoptcrx i.s less tliaii for Soviet single- 
rotor liclieoptcrs. and the control effec- 
tiseiK-ss is greater. Therefore, stick 
movement must be relatively less, and 
its return after movement in any direc- 
tion must l>e ciuicket.” 

Range Increase 

"The txiuxial lifting svstem has other 
:ul\;iiil:igcs. Becjiisc of the smaller 
hxidiiig oil the disk of each rotor, when 
other coiidilions arc equal an increase 
of ;ibmit 13% in range and 20% in 
ciidiitaiiec is ;ichic\ed. 

"Ccttiiig into turbulence or in \-ortex 
ring state is ;ilso less dangerous with 
.1 txiaxial helicopter.” 

Birsuliii eimcedcd that elimination of 
vibration Is still ;i major problem on the 
ka-l 3 and ..iniilar craft. 

" I’lie upper rotor is carried a long 
distance from the support on a com- 
piratively thin and flexible shaft. It 
is very siisct|)tiblc to iiiamifacturing 
diserepeiicies and v-.iriations which show 
11]) during the craft's operation. .Ad- 
justment of the coaxial rotor sv-stem 


AVIATION WEEK, June 9. 1958 






TRANSMISSION arrangement: 1-Motot ic- 
dneiitg gear; 2^Combination clutch; 3— Dis* 
tribnting reducer; 4— Rotor brake; 5— Bevel 
gears; 6-Planctarv reducer; 7-Friction 
cinteb; 8-Ratchct' clutch: '5-Diive shaft; 
lO-Lowet rotor shaft; ll-Uppcr rotor 
sluft; 12-Engine crank shaft. 

is more complicated than is the case 
with a single-rotor system.” 

Bicy’ulin also admitted that placing 
rotors one above the other “CTcatcs a 
tUingtr that their blades will strike 
nlien they are turning at slow speeds 
or when they are hit by gusty winds 
while stopped." 

This problem, he declared, can be 
minimised by close obsciration of oper- 
ating instructions. 

Thor IRBM School 
Opens at Tucson 

riicsoii-Dimgl.K Aircraft's Tucson 
Municipal Airport facility lias been fot- 
mally opened as a Thor intermediate 
range ballistic missile school for USAb' 
and Britain's Roval Air 1 'orce personnel. 

Program represents a consolid;ition, 
in the interests of econoim', of training 
actis'ity which has been under was for 
some time at manufacturing facilities 
and other locations. 

Entire program is under contract to 
Douglas from US.AF's Air Training 
Command. 

Approximately 90% of cntollment 
svill be RAF personnel. Both ofKcers 


and enlisted men will comprise classes 
which svill average 100 trainees. Upon 
completion of course, trainees ss-ill be 
integrated with missilemen trained at 
facilities provided by associate Thor 
contractors-Gcncral hlotors’ AC Spark 
Plug Dis ision. Rocketdync. and General 
Electric Co. 

Science Conference 
Draws 480 Students 

Los Angeles— W'est Coast Student 
Conference of the Institute of the Aero- 
nautical Sciences held here recently 
dress- some -180 rcgistnints from colleges 
and universities, more than double the 
number of earlier sears. 

Eight undergraduate and two gradu- 
ate papers were presented at the con- 
ference with Tom Vincent of Oregon 
State College si-inuing in the under- 
graduate categors- for his paper on "An 
Expetimenhil Verification of Static 
Stability Predicted by Xoiilincar Col- 

Malcolm Lock, graduate student at 
California Institute of Technologs won 
the graduate disision for bis papa on 
‘ Panel I''luttcr." 

Conference included plant tours and 
banquet at ssliich .isvards were made- 

Wrifihl Replacing Cap 
On Turbo-Compound 

Heat resistant alloy steel cooling cap 
on the posver recovery unit of the 
Wright R33S0 Turbo-Conipoimd en- 
gine has replaa'd the nickel alloy cap 
fonncriy us^. 

Purpose of the change is to extend 
the sen-ice life of the cap. svliich senes 
to discharge cooling air from the turbine 

Posver recovery section is a source of 
os’crheat problems on the engine (AW 
;\pril 21, p. 39). 

Constructed of N-! 55 alloy steel, nesv 
cap is expected to withstand the 1.250F 
e.xhaust g.is tempcratiires for oser -f.OOO 

Caps are fabrieated from N-155 allov 
tubing produced by the .Alloy Tube Di- 
vision of Carpenter Steel do.. Union. 
N. J. 


Reprints Available 

Kc|)iinb( ul .Aviation Week's special 

I- HI mpics; -10 cents each. 

II- 100 copies: 30 cents each. 

Cher too copies: 20 cents each. 

Orders should be addressed to; Avia- 

tioii Week. Reprint Section, 330 West 
42nd St.. N'c« York 36, N. Y. 
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re-lent'less: 


P Vought Vocabulary^ 

a missile that pierces hostile sky 

to pinpoint its nuclear strike 


When a target's latitude and longitude ace marked on 
this missile’s brain, an appointment has been made, 

To keep its rendezvous, the Chance Vought Regufus II 
performs miratdes of navigation: it will launch stealthily 
from submarines — nuclear and conventional — from 
surface craft and mobile shore launchers. It will com- 
pensate automatically for wind and weather and foe 
the earth’s rotation. It will detour enemy strongpoints, 
outfox known counterweapons. Closing in on its quarry, 
it can plummet from over 60,000 feet to smokestack 
height to escape radar detection. 

In minutes, fiegulus 71 can pierce over 1,000 miles of 
hostile sky to score a nuclear bull’s-eye. 


The first of the Navy’s nuclear-driven subs, designed 
to roam the seas as unseen Rcgulus II bases, is now in 
construction. Tlie missile itself has made over 25 suc- 
cessful flights. Under Navy leash in key locations, it will 
be a relentless watchdog for peace. 

Scieolists and engineers: pioneer wilb Vought in new mis- 
sile, manned aircraft, and electronics programs. For details 
on select openings write to: C. A. Besio, Supervisor, 
Engineering Personnel, Dept. M- 9 
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Now available to you 

HONEYWELL’S 
PRECISION PRESSURE 


COMPLETE LINE OF 
TRANSDUCERS 


I They offer greater accuracy at 

less weight — they can be custom- 
engineered to your exact needs 


F or over 15 years Honeysvell has manufactured pre- 
cision pressure transducers for use in Honeywell 
systems. These tested and proved components are now 
commercially avaiiabie for the following applications: 
Air Data Computet, Altitude Control, Altimeter, Mach 
Control, Altitude Switching, Mach Switching, Altitude 
Scheduling, Mach Scheduling, Air Speed Computer, 
Pressure Ratio. Engine Inlet Controls, Baroswitches, 
Safety and Arming Controls, Underwater Pressure 
Sensing, Speed and Altitude gain changing. 
Honeywell con supply Transducers engineered to 
your exact needs as follows; 

• Meet all pertinent military environmental specifica- 

• Force rebalance or direct drive. 

• Complete line for both flight control and engine 

• High temperature operation — up to 400° F. 

• Lightweight— Product for product, lighter than coin- 


• Accuracy— better than 195 can be provided. 

■ Sensitivity— Better than 2 feet at sea level or 0.002* 
Hg of pressure. 

• Range— can be built to accommodate any pressure 
range, 

• Choice of potentiometer, synchro or inductive pick- 
offs. 

• Transistor or magnetic amplifiers. 

• Pre-flight scheduling of altitudes and air speeds pos- 
sible for drone applications. 

• No orifices (for engine control applications) to get 
dogged up. 

• No outside cooling required. 

Honeywell currently has pressure transducer equipment 
flying in such aircraft as the F-89, F-lOO, F-lOlA, 
F-lOlB, B-36, B-50, B-66, CF-100, CF-105, KC-135, 
B-52, B-58 and various missiles and target drones. 

For complete information on Honeywell Pressure 
Transducers write Honeywell, Military Products Group, 
2600 RJdgway Road, Minneapolis 13, Minnesota, 


Honeywell 
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BUSINESS FLYING 



SKIMMER IV cabin, ahead of midRing, allaids good visibility. Wing area is 157 sq. ft, including triangulai^shaixid fillets. 


Avinlion Week Pilot Report 


Water-Stable Skimmer Lands ‘Hands Off 


By Robert I, Stanfield 

Teterboro, N. J.-Kxcelleni shoit- 
ficld capabilities, along «ith extreme 
stability during water operation, ate 
key features of Colonial Aircraft's nesv 
fottr-placc C-2 Skiinmer IV, 

All-rnelai amphibian is powered by 
Lycoming O360-A1A engine generating 
ISO bp, at 2,700 rpni, at takeoff 
Kitginc eompression ratio is S.5 to 1, 
Fuel grade is 91 96 octane. Pusher 
propeller is Hartzcll forged dural, con- 
stant speed. Governor is \\'oodward. 
Trim Difference 

F.ngine location— above and behind 
kading edge of wing— results in trim 
change with application of power which 
IS opposite to that encountered in con- 
ventional single-engine installation. 
Performance cliaracterislics ev i- 
dcnccd during flight ev.iluation bv 
Aviaj'ion Week cnibr.iccd; 

• Uands-ofF landings. Water landings 
are a cinch, providing pilot doesn't trv 
too hard. .Actually, lie must learn to 


do nothing, .Ampliibian requires no 
abrupt back pressure. Nose won't dig 
and airplane e.in ride on nose without 
tripping. Skimmer was landed "bands 
oir’ twice, did a fine job .ill bv itself, 

• Water stability. Despite gusty winds 
tanging from 20 to dO kt., airplane 
maneuvered in river like a boat. There 
were no wealbercocking tendencies. 
Ski-bottom floats add to cross-wind taxi 
c.ipabilitics; airplane won't tip in turns. 

• Short-field perfonnance. One-posi- 
tion slotted flaps, with area of 24.5 
sq. ft., extend fi0% of the span of 
the wings. Result; good lift, plus 
cusliioning cSeet on landing. Airplane 
fiew off hard-surface runway in slightly 
less than }00 ft.; was brought to stop- 
into 30 kt. wind-in .slightly over 100 ft. 

Skimmer is kevtd to operation in 
low-water areas. Optimum auise alti- 
tude-for best speed and fuel consunip- 
tion-is 6.000 ft. Water operation is 
not rccommcmlcd above this altitude 
hcciusc of power loss. 

Trim looking anipliibian is rather 
deceptive sitting on tire tamp, appear- 


ing smaller tium its actual size. Side 
Ilf fuselage (chine) is but 17,5 in, from 
ground. vX'idc gear tread is 11 ft. 2 in. 
Gear, with long olco travel, is a weld- 
ment of 41 30 steel. 

Povverplaiit is face mounled with 
sf<el weldment providing rigidity. Py- 
lon provides fore-and-iift sliear strcngfli 
and torsional stiffness. Kxteiiial side 
braces provide for lateral loading. 

Hull breaks down into Four separate 
wufer-rcsistant compartment (with drain 
]jlugsl. two of tlicsc being in nose. 
Midwing floats ate scaled at top. Air- 
plane's float biimper.s and wing tips are 
plastic. Gas tank, in fuselage aft of 
passenger compartment, can also be 
classified as flotation device when empty 
nt )xirtiallv empty. 

.\irplanc flown was N255B, first pro- 
duction model Skimmer IV vvhieli 
lolled nut last September. .Aboard was 
J.ick Stravet. pre.sklcnt of .Aiiipliibious 
Aircraft Cor|j.. Teterboro, marketing 
orgaiiivation for Colonial Aircraft Co. 

With two alroard. plus instrumenta- 
tion and navigation equipment, and 20 
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gal. of gisoline. airplane grossed out 
at about 2.0H4 II). Nia.ximum allowable 
gross is 2,550 lb. 

Airplane vvas entered tlirough wind- 
shield "door.” Windshield is hinged 
in center. Eitircr lialf can be raised 
up and over until it lays on otlict lialf. 
With cabin open, one can stand 
straight up in cockpit and, if necessary, 
step to bow of airplane during water 

Cabin i.s roomv and comfort.ible- 
F!oor-to-cciling height is 47 in. at rear, 
43 in. in front. Width is 44.5 in. 
Length is 62,5 in. I'roiii hack of rear 
seat to back of movable front seats, 
length is 30 in. Trunk at the rear of 
back scat will bold 30 lb. Entire cabin 
length could be iiiCTcascd to 82.5 in. 
by removing tear scat. 

Acces-sories in bmv can be easily 
reached. These include anchor and 
docking line, battery, and hydraulic 
reservoir, ail in separate compiirtments. 
Instrumentation and Controls 

Skiinmet's engine coiitrols-throttlc, 
pitch, mixture and carburetor heat- 
arc located merhead. center, and ate 
accessible from both scats, ITight in- 
struments arc located in front of pilot. 
Radio is center- Engine instruments 
arc mounted to riglit. 

Switches for lights, pitot and cabin 
heat, livdtaulic pressure, generator, bat- 
tery and anchor liglit are set in fuselage 
to pilot's left, along with control for 
mechanicallv activated vx-ater rudder. 
Circuit breakers run bencativ svvitclics. 
In addition to engine driven pump, clce- 
tric fuel pump switch is available for 
starting, takeoff and landing. 

Also center mounted just below in- 
strument panel are gear and flap han- 
dles, telescoping emergency hydraulic 
pump, and gear-flap indicator lights. 

Spring-loaded hvdraulic trim surface 
control handle, whicli springs back to 
neutral after trim application, is located 
on floor between pilot's scats, as is park- 
ing brake lock. 

Engine started up quickly and tire 
airplane was taxied out. Turns were a 
bit tough until I adjusted to a forceful 
and positive braking action. Brakes are 
on pilot's side; copilot'.s rudder pedals 
are for directional control only and can 
be folded down flush to floor for addi- 
tional leg room, 

Lycoming engine has a tendency to 
tee up during taxi, and full carburetor 
heat was needed. There is no prop 
blast, due to pusher configuration, and 
at low taxi speeds air filter docs not 
siippiv sufficient air. 

Magnetos were checked and props 
run through at 1,800 rpiit. Full flaps 
were dropped (tlicre is only one posi- 
tion). carburetor bc,if vvas moved to 
cold, and airplane vvas ready to go. 
Wind was from tire northwest at 20 
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Colonial G2 Skimmer IV 
Specification:! 

Knginc I,icomi«B 0J60-A1A 

Hp, and rpm 180 at 2,700 

Prapcilet 

. . . Hartzcll to^ed dural, constant speed 

Gross wci^lit (lb.) 2,350 

Emph- weight (lb.) 1,525 

Useful had (lb.) 825 

Wing span (ft.) 35 

Wing area (sq. ft. including fillets.) . 1 57 

Length (ft.) 23'6" 

Height (ft.) 8-10" 

\3'ing loading (Ib. sq. ft.) 15 

Power loading (Ib./hp.) 13.1 

Fbp area (sq. ft.) 25.5 

Fin area (sq. ft.) 17.53 

Stabiifecr area (sq. ft.) 15.73 

Elevator area (sq. ft.) 8.75 

Rudder area (sq. ft.) 5.52 

Trim surface area (sq. ft.) 3.75 

Fuel cairacitv (gal.. 91/96 octane) . . .50 
Baggage capacity (lb.) 30 

Skimmer Performance 

Mas. cruise speed (niph.) 130 

Normal cruise speed, 75% power 


(■nph.) 125 

Stalling speed (mph.) 52 

Rate of climb speed, flaps dow*n 

(mph.) 75 

Rate of climb speed, flaps up (mph.) .90 

Rate of climb (fpm.) 800 

Cruising range (mi.) 500 

Fuel consumption (75% power, 

gph-) 9 

Oprimnm cruise altitude (ft.) 6.000 

Service ceding (ft.) 15,000 


kt.. n ith gusts up to -10. Sea level pres- 
sure was 30.06 in. Outside air tem- 
jiorritutc «-js 66F. 

Once Skimmer started to roll it had 
imniediatc directional control; no brak- 
ing was necessary. .Airplane picked up 
speed quicklv and was airborne, with 
slight Imck pressure, at 63 mph. Take- 
off run was less than 400 ft. pulling 
27 in. manifold pressure and 2.700 

\Vith gear up. power was reduced 
to 26 in. and 2,600 rpm. .Amphibian 
v.'.is licld to initial climb speed of 75 
mph. Flaps svere raised with no appre- 
ei.iblc sinK. and airplane climbed out 
at 90 mph. Rate of climb was 1,000 
fpm. 

During climb Skimmer wis delib- 
cratclv pulled nose high. Steepness 
presents no hazard and it wouldn't be 
casv to stall after takeoff. With buf- 
feting and early warning sound of Safe 
Hight stall indicator, nose was cased 
forward and climb-out continued. 

Cabin sits well ahead of the wing, 
and big windshield area makes for gocio 
vision ahead, to the side and down, 
r.nd aft. Turning around I could ob- 

60 


serve movement of horizontal trim sut- 
fare. 

Stability was good during climb 
and the airplane responded quicklv to 
light control pressure. Skimmer re- 
quires miiiiiniiin amount of elevator 
fontrol. 

With engine high and to the rear 
of cockpit, cas!- conversation was pos- 
sible; noise level was moderate. 

Airplane was leveled off at 2,000 ft. 
and headed for nearbv Hackensack 
River. At this altitude, with 75% 
pmvcr-24.5 in. and 2.400 rpm.-indi- 
cated air speed was 125 mph. Ap- 
proaching the rivet, engine-out proce- 
dure was simulated. 

Power was Cut back, full carburetor 
heat applied, and full flaps dropped. 
Lowering nose, trim was set and Skim- 
mer spiraled down at 85-90 mph. Ap- 
proach wasn't too steep and control 
was good. Airspeed was held on liigh 
side because of strong gusts. 

Airplane was held off over water 
until ready to stall in. Controls were 
released and I simply sat back. Skim- 
mer, with big flap area, seemed to hover 
slightly before dropping in. Water 
was somewhat choppy and windshield 
caught a bit of spray, but there was 
no digging of hull not was there any 
bounce tendency. No back pressure is 
nccessarv. 

Propeller sits high enough to be im- 
mune from water spray, as well as 
gravel, stones, etc., picked up on run- 
wav. Hciglit, plus protection of wing, 
also shields prop and engine from salt 

Maneuvering with water rudder 
down is easy, as the amphibian won't 


lip running crosswind. Boat liull holds 
well in water and wing floats liavc good 
balaneing effect. Skimmer lias been 
flown off in circular turn, but with 
heavy gusts and chance of catching a 
wing at pull-off. the maneuver was 
postponed. 

Additional safety featorc in water 
operation is nose wheel, which with 
tire running alicad of nose (in up posi- 
tion) act.! as buffet. Gear was designed 
tti take abuse. It is lowe-ted in the 
v'ater for tun to and op shore when 
necessary, Cortision, which is a salt- 
water problem, is offset by extensive 
grease fittings. 

AA'itli but slight back pressure. Skim- 
mer flie-s itself off water. Elevator con- 
trol provides good longitudinal Control 
at low hump speed on water. Am- 
phibian will usually get off at 65 mph. 
With a little backstick to hold nose 
cut. then forward, the airplane went 
oft at 70 mph. after a short run. Again, 
because of gusts, speed was held higher 
than normal. 

■About six water landings were shot, 
all with good results. Skimmer has 
even been landed in water with gear 
down. Airplane didn't turn over be- 
cause of main gear's backward position, 
plus location of flotation area (forc- 
bodv) alicad of wliccls. 

Stoll Characteristics 

Skimmer was stalled power on and 
power off. with gt-ar and flaps down. 
With the engine pulling 24.75 in. and 
2,400 rpiii„ the nose was up fairly high 
licfore pre-stall buffeting and stall warn- 
ing occurred. 

Stall came at about 50 mph. but 
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among scientific, military. 


government and industry men • • . 

Aviation Week is fixst 


In the rapid-paced, dynamic field of space technology, 
missiles have captured the imagination and attention of the 
world- And because Aviation Week editors were on the scene 
when the first missiles were developed, they know what 
efforts in research, development and engineering work lie 
behind the missiles now on the way up. This perspective, this 
ability to correlate, this awareness of a great industry 
behind the biggest headlines and smallest component 
account for Aviation Week's accurate reporting of current 
events and deep insight into the future. 

Aviation Week has been a part of the big events in space 
technology— Aviation Week editorial firsts include such 
memorable missile articles as; The Anti-Missile-Missile 
(4/9/56 issue). Haw U. S. Taps Soviet Military Secrets 
(10/21/57 issue), the two authoritative series on missile 
guidance— /nerti'a/ Systems (January 2, 9, 16 & 23) and 
Infrared (March 4, 11 & 18 issues)— and annual 
coverage of the International Astronautical Federation 
since its founding in 1950. Aviation Week features have 
shaped both technical thinking and defense policy. 

Aviation Week gets there first ... to the events, the people 
who make the events happen, to the interpretation behind 
the events- And its weekly format means that technical 
information arrives fresh, in time to be meaningful. 


{ 



This kind of on-the-spot covertige has paid off in world-wide 
and industry-deep audiences . . . has made Aviation Week the 
most quoted publication covering missile progress— 
and all phases of the aviation industry. During 
1957 alone, more than 368,000 AW reprints were bought 
by \i. ,'J. at:': foreign manufacturers, military and 
government agencies, universities and scientific institutions. 

First in Space Technology, Technical Coverage, Editorial 
Quality and Impact, Aviation Week is number one among 
Aviation Technical and Management Publications in 
(Circulation, World-Wide Distribution and Advertising Dnage. 


A McGRAW-HILL PUBLICATION, 

330 WEST 42nd STREET, NEW YORK 36, N. Y, 
# ® 







RELIABILITY 


A Logical Story 

Have you heard of the wonderful one-hoss shay. 
That was built in such a logical way 
It ran a hundred years to a day? ' 

'•For,” said the Deacon, 'Tt’s mighty plain 
That the weakest place must stand the strain j 
And the way to build it is only jest 
To make that place as strong as the rest.” 


The Deacon followed the two cardinal principles for 
reliability. 

1 , Know the stresses your component will be 
subject to (in other words know the environment). 

2. Build faithfully to the specifications that cope 
with this environment. 

At CPPC we fee! one of our great assets is 
careful manufacture by a skilled and conscientious crew. 



Pepj-infa of the complete, or 
The Deacon's Masterpiece or The Woi 
Shay by Olivet Wendell Holmes sei 



CLIFTON PRECISION PRODUCTS COMPANY, INC. 

Clifton Heights Pennsylvania 


flictc «-js 110 clc-.ir break iiiitl fall-awaii 
rather a combination of biiffctiiig- 
hovering which ceased when nose was 
lowered and speed increased. Altitude 
loss was nil, lateral control good. 

Power-off stall, according to specifi- 
cations, could result in loss of 250 ft. 
With flaps and gear down, stall again 
was preceded bv bnffeting and stall 
warning which preceded break by 7 to 
10 niph. Break was smooth at 50 m|3h. 
and altitude loss was negligible. Low 
stalling speed is attributed to large, 
slotted flaps. 

Stabilits- and control of Skimmer were 
excellent during all flight phases. Elc- 
i-.itor control is sensitise at flight 
speeds; airplane, bcc.nisc of powerful 
trim requirements, cmplovs separate 
set of longitudinal control surfaces. 

Control s'stcin motions are trans- 
mitted entirely b\’ push rods with the 
exception of a short length of chain 
and aibic in the aileron svstem at the 
control wheels. Longitudinal trim sur- 
faces are hydraulicalh- controlled. Trint 
.surface— 5.75 sq. ft. in area— limits 
amount of control surface on elesator 
and presents o\cr-conlrolling. 

Skimmer wa.s next flown Ihrongh 
several hard-snrfiicc landings, with time 
out for additional gasoline. 

Fuel Consumption 

.Amphibian ascrages I gal. |>cr hr. 
fuel eonsumption. W'ith -10 gal. of 
fuel, this would allow 4 hr. or cruise 
and reserve of about 26 min. Riinge. 
at normal cruise of 125 mph.. would 
approximate 500 nti. plus resene. 

■Airplane is rcdlined at 1-16 mph. 
Gear and flap speed is 125 mph. With 
gear and flaps down, and holding 90 
mph. on approach, rate of descent can 
be fairly steep with power off. Getting 
into a tight area svouldn't be hard. 

l''our landings were shot. Airplane 
sits low. and there is a tendenev to level 
off too high. Amphibian will aishion 
itself down after ronndout. and it used 
no more than 400 ft. of mnwas. 

Short-field landing, as mentioned 
earlier, was made in about 100 ft. into 
50 kt. wind, with prop in flat pitch. 
Straycr doinonstrated this one. Descent 
w-as steep enough to osetride normal 
(ibsbacles. and airplane settled quickly 
after flareout, Onlv moderate braking 

Skimmer’s hvdranlic ssstem is based 
on desire to keep hydraulic fluid out 
of engine compartment- .Accumulator 
prO'ides rapid actuation of gear. Elec- 
tric pump charges accumulator u|) to 
1.100 psi.. at wTiich point the electric 
motor is stopped bv pressure switch. 
When gear, flaps or longitudinal trim 
surf.iccs (also hydraulically controlled) 
arc operated and pressure drops below 
750 psi.. the electric pump automa- 
tically starts and recharges the a«umu- 


I'lleetrical system is a straightforward 
12v. svstem, circuit breaker protected. 

Hull structure consists essentially of 
upper and lower longerons and keel 
with transverse frames and outside plat- 
ings. .Aluminum alloy (24 SJl is used 
almost exclusisely for spars, ribs, frames 
and external covering. Hull skin is .051 
gage. Corrosion protection is \ia alo- 
dine treatment and zinc chromate prim- 
ing of all aluminum parts prior to 
assembly. 

Wing lift bending is Carried bv a 
single spar at the 25% chord point. 


Inner portion of the beam is built up 
with 14 S'l’ extruded spar caps and 
24 ST web. Outer portion is a 24 ST 
built up chairnel system. 

Two jack points, one under each 
wing, are keyed to main wing spar. 
Chordwisc bending strength is pro- 
vided by an additional spar along the 
trailing edge of the wing. Control sur- 
faces consist of a beam to pm\ ide bend- 
ing strength, with metal outer skirt pro- 
tiding required torsional rigidity. 

Large triangular-shaped wing-fuselage 
fillets add to Skimmer’s trim appear- 



Bei'hlehem Steel Convairs Get Longer Range 

flethleheni Steel Coip.'s hvo Convaii 440 executive transports have been reworked bv 
Pacific .Aitmotive Corp. to provide traiiseontinental range. Standard Conviir integral wing 
tanks were extended to a point halfwav between the furthest untboard wing rib and the 
wing tip, providing increase in fuel capocitv ftoiii 1.730 gal- to 2.080 g;il. Standard oil 
tanks were iiiCTcased by 6 gal. each to 36 gal. Planes arrived at Pacific .MtiikiKvc bate 
except for cockiiils- Pacific .kimiotivc applied l.ockfoani slvrofoani soundproofing, building 
])!ywood molds to contain the liqisid until it lurdened. lasckfoam was forced under 
pressure througli boles drilled in pivwood molds. Qiiactei-inch padding was cemented to 
entire inner cabin. Modification company sayx tosts reveal average sound reduction of 2U 
decibels compared witli standard Coiuaii soundproofing. Floor sttuctntc was modified to 
take special swivel chairs and divans, Bethlehem's 440s can seat up to 20 persons each. 
Planes arc fitted with Bendiv ROR-lB-1 X-band weather radar. 
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ante- l‘'illc;ts art ncccisitatcel bccimsc 
of negative pressure condition induced 
by propeller inflow. 

Basic price of Skimmer is S21.780. 
Standard equipment includes stall warn- 
ing indicators; basic flight inslrunicnts 
plus manifold pressure g-igc. sensitise 
altimeter and rate of climb; towbar, 
paddle and aitelior; and four air sents 
lor each of the cabin windows. 

Optional equipment embraces dual 
controls, specialized instruments, radio 
equipment, heater, twin landing lights 
and clcctricalh' heated pitot. Instru- 
mentation paefcage dc'al is in tire works, 
as an ascrage sale includes about 52,000 
...irtli of accessory equipment. 


Colonial figures that with fisc-ycar 
depreciation, insiitaiice. hangar rent, 
direct operating costs and set-aside funds 
for anticiiwtcd inainteiuince plus en- 
gine and propeller overhaul. Skimmer 
IV can be operated for less than 517 
per hour if utilized 600 hours per 
year. Operating costs, for two persons, 
ate estimated at 7c per passenger mile. 

C-2 was certified by the CA.-\ on 
Dec. 18, 1957. Orders were taken in 
Jainiats- and the third and fourth air- 
planes were dclisered last month, h'lnii 
orders total 16, with next dcliscrs' 
scheduled for inid-Scqitember. Companv 
is working against iicrniiincnt tliice- 
month Ixicklog of 10-12 airplanes. 



“Environmental Testing" A Carburetor 


When he closes that heavy steel 
door, an Airwork overhauled carbu- 
retor will fly 10,000 feet above sea 
level. A few feet away, the gauges 
will tell exactly how well it would 
feed an engine at this altitude. The 
inspector will compiare fuel , flows 
and air flows with the sea level per- 
formance determined by previous 
tests. 

The box is part of an air circuit 
and bleed test stand that simulates 
altitudes to 20,000 feet. Airwork uses 


it to performance test carburetors at 
those altitudes where most of their 
working life will be spent. 

This extra test . . . and the extra 
equipment needed for it . . . are typi- 
cal of Airwork thoroughness. We 
make sure, before the unit leaves 
the shop, that it can be trusted to 
deliver top performance. 

See for yourself, the big difference 
quality makes. Send your next 
engine to Airwork. You’ll be glad 
you did. 



BRANCHES IN: 
WASHINGTON 

NEWARK • MIAMI • ATLANTA 
CLEVELAND 



By November of 1961 the fitm hopes 
to be turning out 17 uitcraft a inontli— 
roughly 200 a year. Skimmer dealers in 
the U. S. now number ciglit. Amphibi- 
ous Aircraft plans to add se\cn niore 
for a total of 15. Top markets for the 
iimpliibian arc low-altitude w-atcr areas 
in the U. S.. Central and South Amer- 
ica. In addition to sportsman and ex- 
ecutive use. .\m|)liil>ious Aircraft is not 
discounting airplane's applicibilitv for 
off-sliorc oil operations. 

Earlier thtec-placc C-1 Skimmer, of 
wliich 25 aircraft wore sold between 
September, 1956, and .^ngiist, 1957. 
probably will be discontinued in fa\or 
ot the C-2 Skimmer IV. 

PRIVATE LINES 


Robbins Aviation Corp. has been 
formed .is result of reorganization of 
former F.xecutise .Aircraft Corp.. 
Pontiac, Mich. Firm holds Lycoming 
and Aero Commander distributorships. 
New offices and fnlly<quipped radio 
repair facilits' are being built. 

Junior Jato unit, developed by .Aero- 
jet-General. delivering 250 lb. thrust 
for additional takeoff power, has been 
issued an airaaft engine type certificate 
be Ci'il .Aeronautics .Administratiou- 
Uirit. designed for single or multiple 
installations in aircraft of up to 10.000 
lb. gross weight, dcliecrs equiealeiit of 
100 hp. for 15 sec. duration, weighs 
about 50 lb. installed. 

Beech .Aircraft Corp. has been 
awarded a 52 inilliou contract from 
US.Ah' for additional ’f'-55A trainer 
wing assemblies, extending this produc- 
tion through spring of 1959. 

Wrajyaioimd shop installation, built 
by Rcmmert- Werner. Inc., reduces time 
on 100-hr. inspection for DC-5 to one 
dav. firm reports. Designed on basis of 
motion and time studies, units put most 
of needed shop facilities close to the 
joli, have been installed at its St. Louis, 
I oledo and Pompano Beach bases. 

Numlwr of airports in New York 
State increased hv 10 in 1957 for a 
total of 275 landing facilities, Depart- 
ment of Conimcrcc reports, laitcsl list 
show.s -16 iiiunicip.il fields, 174 priiate 
and conmiercial fields (up 15 over pre- 
\ions yearh 11 military air liases, 57 
seaplane bases and se-ven heliports 
(three less than in 1956). 

Bureau of Reclamation of Depart- 
ment of Interior lias taken delivery of 
its Aero Commander, a Model 680 
Super, whicli is fitted for aerial photo 
n-ork. Based in Demcr, Colo., the plane 
will be operated from short fields, adja- 
efiit to dam and power plants. 


AVIATION WEEK, 


9, 1958 



Twin-Engine Caribou Undergoes Testing 

first piototspc of the DHC-4 Caribou twin-engine ublity aircraft 
is slionn being fabricated by dc Ilavilland Aircraft of Canada Ltd. 
at Dnwnrvicw, Ontario (below). Second pmtoKpc is expected 
to be tolled nut bv next montb. Five orders bavc'been placed bv 
the U. S. .Srmy fur the Caribou. Model at right is paiiitcd in 

craft flown in Arctic or tropical regions. U. S. .\trnv Caribous will 
have Piatt & M'hifnev R2U0ll--f engines |itodiicing l.-fSO hp. at 
2,700 rpm. for takeoff. Pavload will be between 6.000 and 
7,320 1b. 





MANAGEMENT 


Industry Team Bids on USAF Project 


By Craig Lewis 

Dallas— \\’capon system groiij) has 
lietii formed by i'emeo Aircraft Corp. 
and six other conip<inies here to prepare 
a bid on a unique wcatlier rcconitais- 
saiicc system planned by the Air Force. 
Formation of the group points up some 
changes in the technical and manage- 
ment setup in the aircraft industry. 

Tenico group is the latest sign in a 
trend toward group efforts on weapon 
svstems first obscr'cd in ,\v!Aiit>\ 
Week a year ago (May 6, 19'7, p. 69), 
And it's a trend that has strong support 
from the Air Forcc- 

For the companies insohed, these 
team efforts mean a chance to partici- 
pate in contracts for military systems 
too big and complex for them to liandle 
themsehes. Benefits aren't confined to 
the sniullcr companies. Groupings of 
uimaft industry giants bidding on the 
Dvna-Soar project show tliat for the 
Air Force, these teams mean more 
economical use of industrv facilities and 
capabilities and less money spent on 
building new facilities and developing 
new technical skills when these skills 

With this group effort, any combina- 
tion of skills needed can be brought to- 
gether when the team is being formed. 
I his cuts into the former practice of 
developing needed new skills at US-\F 
cost in single companies working on 
complex systems. 


US.M'' has su|sportcd this in various 
wavs. One was a letter to .-kircraft Indus- 
l-'cs .Assn, from Ma). Gen. Willi.im T. 
'Ilturman, Deputv Director of Procure- 
ment and Pnmu'etiim. In this letter, 
which was distrihirtcd in the indiistrv, 
'iliumian observed that grovying coni- 

nigiv requite proposals from system 
manager and subcontractor combina- 
tions from the airframe, propulsion, 
electronics and allied industries. 

General lliurman said that "it would 
appear tliat siicli prime contractor-sub- 
conlractor combinations could offer the 
|)()ssibilitv of developing superior prod- 
ucts with a more economical use of ex- 
isting industrial and engineering re- 
sources. Particularly, this should reduce 
requirements for establishing new facil- 
ities and developing engineering capa- 
bilities which duplicate existing re- 
sources in other compaities." 

Tliurman also laid down a manage- 
ment challenge. lie pointed out that 
one of the big problems with these in- 
dustry combinations lies in the integra- 
tion of management efforts in a way 
which gains all the advantages of tire 
team approach, vet retains tlic essen- 
tial single point of lespunsibilitv of tire 
weapon system manager. 

"riic development of managerneirt 
concepts and procedures vvliich will 
achieve these objectives should be a 
major challenge to the aircraft and al- 
lied industries," he said. 


It appears certain that the manage- 
iiicnt capabilities of bidding noups 
will be mctcasinglv important fiictors 
in the awarding of contracts for niajot 
systems. Not only will companies have 
to propose tire best technical solution 
to a weapon system prohlent. but they 
will have to show tliat tliev have tlic 
plans and skills to make a success of 
managing tire weapon system program 
once they get it. 

To prepare a bid for tlie new USAF 
weather reconnaissance system in tiris 
cliinatc, Temeo has formed a weapon 
system group with Nortiram Klcctron- 
ics Inc.; Radiation Inc.; Elocttonic 
Coniinunicitions Inc.; .American Insti- 
tute for Rc.scarcli; Goodyear Aircraft 
Corp. and Acrophysics Development 
Corn. 

Inc system this group is working on 
represents a more sophisticated ap- 
proach to weather forecasting and re- 
search than anything now used. It is 
"a gross extension of the state of the 
atf'^in the words of I. Nevin Pailev. 
senior vice president of Temeo, 

System will operate in a large tran- 
sonfe jet of .1 current type, one that will 
fly at speeds to Mach .9v and altitudes 
to 50,000 ft. No airplane is specified, 
but it is obviously in the Boeing 707 
c-r Douglas DC-8 class. The system is 
to be ready in the 1965-70 period and 
has to be compatible with otlier states 
of the art in those years. 

Data Transmission 



Navy's Anti-Submarine Version of Electro 

Model shows configiiniHon of Navy anti.snbmarine wjifarc version of the Lockheed Electra 
liirboptwp. Bulge under fuselage is lor radar installation. Plastic tail cone would bouse 
magnetic airborne detector (MAD). .Aircraft would carry crew of ten. Lockheed has a S2 
luillion contract for research and devclupincnt prior to production of the aircraft. 


Opetation.s will involve such func- 
tions as meteorology, geophysic.il meas- 
urement, use of radar for searching 
clouds and storm centers, microwave 
capability and data gathering, storing 
and processing. Also involved are the 

E mblems of the transmission of data 
oin liigh speed .lircr.ift over long dis- 
t.mces and the logistics of operating 

Weather reconnaissance system must 
be designed for operation under .ill con- 
ditions bv tccimicallv unsopliisticated 
airmen. It involves ground stations as 
well as a flying systari, and it may in- 
volve the vvliolc cycle of overhaul and 
modification so that improvements 
could be made by the people wlio de- 
signed and built tlic svstem. 

'llic system will be used in a world- 
wide vvcatlicr rcconnaissaucc operation 
operating on a patrol principle Infor- 
mation is to he transmitted to ground 
stations all over the world. United Na- 
tions currcntlv sponsors a group— World 
Meteorologica! Organixation— wliich pto- 
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Convair Assembles F-106 All-Weather Interceptors 

Conwiir Division of Gcuerjl Dvuamics Corp. assembles F-106 svipcrsonic interceptors for US-AF's .Ait Defense Command, San Diego, Calif. 
\iicraft above ate single-seat F-IO6.A5. Two-scat F-106B recently made first flight at F.dwaids AFB. Calif. (AW April 21. p. 33). 


vidcs for exchange of weather data, and 
this US.AF svstem would be compatible 
witli tlic international system. 

In contrast to present techniques of 
merely measuring what liaiipeiis to 
vvcatlicr. the teconnaissaiice system 
would feed its information fn com- 
puters to find out somctliiog about it— 
to gut a broader, more basic picture, 
lire svstem could do basic vveathur re- 
search at high altitudes along with sim- 
ple forecasting. 

'Ibis orientation Ixick toward the 
Ixisic sciences in wcatlier tecoiiiiaiss.mcc 
is made possible by advances in com- 

Unlike such projeets as missile sy.s- 
tems. the tcclinic.ii cnvclo])c for this 
weather svstciii can’t be very strictly dc- 

'I'his fact gives the contractor more 
flexibility anti more responsibility in his 
design and development work. 

Ill many ways, the weapon system 
group Temeo and its associates liavc 
devised is similar to the cnrTent weapon 
.vvstem inaiiagct concept, hut it carries 
(lie team idea a step furtlicr by having 
the team work togctlicr from the start 
ratlict tlian forming it after the prime 


contractor-weapon system nianaget is 
awarded a contract. 

This appro;icli gives I'emeo the bene- 
fit of industry-wide skills and a broader 
view of flic situation. It aUo provides 
the tcchiiie.il coinputeoee and Ixick- 
ground Temeo will need as tlic central 
agent bidding for the systems contract 
without the need for expanding into 
new areas. .And tlic ,ldvilnla|t^ are not 
all teclinieal- llie financiaf resources 
Ilf such paitiif firms as Goodyear. Ciir- 
tiss-W'riglit (.Acrophysics nevtiopmciit 
Coqi.) and Norris Thetmador Corp. 
(Northani Klectroniesl add to the stat- 
ure and stability of the group, 

•Advantages in the arrangement to 
■['cmco's associates ate varied, hut an 
important one is the chance to partici- 
pate in systems work it amldn’t get on 
its own. F.lectronic Communications, 
for insF.incc, had been looking for a 
program like the weapon system group. 
It is attractive because it allows ECI 
to broaden the scope of its operations 
and get into business it couldn’t othcr- 

Anothcr advantage lies in the fact 
that each company is piirticipatiiig in 
the design from tlie start. Tliis means 


the system will have the benefit of the 
latest knowledge in each special field, 
and each company can draw on the 
specialized skills of its partners. When 
a specialized company is in on the de- 
sign |)liasc. it doesn’t get saddled as a 
subcontractor with components vvhicli 
suffer from tlic inexperience of a prime 
contra ctor. 

Ilie associates draw a financial ad- 
vantage from participating in the origi- 
nal design job. 'I'hey get a sliare of the 
vvstem Ttoiii tlic beginning and aren't 
confined to bidding on a cost basis for 
parts of the svstem tlic prime contractor 
subcontracts after lie lias quite naturally 
kept till’ mo.st profitable components 
and subsystems for himself- 

Pallcy points out tliat one of the 
major advantages of tlic group to the 
Air I’oicc would be the fact tliat it 
avoids doplicalion of scientific staffs and 
facilities and cuts recruiting and train- 
ing costs. Design work now is being 
done at Temeo. and if the contract is 
awarded, components will be built at 
each associate's home facility and inte- 
grated at Temeo. 

Pailev also say s th.it use of a group of 
smaller companies avoids the inertia 
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of large company sttucturts and gi\es 
USAI' an orgaiiLzation that can move 
quicUy, yet has the lesoutccs of large 
company magnitude. 

These arguments coincide nitli Air 
I’'orce thinking as cited in the Thurman 
letter and elscuhere. Different mani- 
festations of this cm be seen in USAF 
efforts to blend skills in the root engine 
field, rather than creating new ones. 
Avi.sTioN Week has noted the recent 
trend to mergers in this field, including 
such moves as the formation of a new 
company, Astrodvnc, b\’ North Ameri- 
can Ariation and Phillips Petroleum 
(AW April 14, p, 55). 

The process of forming a combine 
like the Temco group insohes consider- 
able intcrcompanv in\’cstigation and 
analysis. Discussing their appraisals of 
the firms insolved, members of the 
group said "we probed their souls 
bare.” Complete knowledge and under- 
standing of each other was essential in 
the decision to choose each company 
best qualified in its area. 

After eliminating a number of firms 
in the process, here arc the companies 
the Temco group wound up nith and 
the functions they will peifotro; 

• Goodyear provides radar capability 
fot reconnaissance of clouds and storm 
centers. Company has capability in a 
specialized field of radar that applies to 
tne weather svstein. 

• Radiation Ihc., is in the field of digital 
computers and recorders and presides 
capability in information theory and 
data processing for airborne ssstems. 

• Acroplrysics Development will work 
on the flexible, automatic test and 
checkout gear which will be needed to 
make in-flight checks of system eom- 
Ijonents and to make autbniatic deci- 
sions on the equipment tested. 

• Northam Electronics spedalizes in 
sensors and mea.surement instruments 
and «ni provide capability for measur- 
ing rticteorologic.ll and geophysical con- 
ditions. 

• Electronic Communications will work 
on the problem of data transmission to 
a ground readout which will provide 
data in a usable form for weatlicr ob- 

• American Institute for Research will 
handle the human factors problems in- 
loh'cd in the operation of a complex 
system. 

Group members haie had to subi’Crt 
competitiic instincts in many areas. In 
the case where capabilities overlap, one 
company does the job. and the other 
firms are limited to backup support. 

Group has been working together at 
Temco since April under terms of an 
interim agreement, llie agreement 
specifics that Temco is responsible fot 
preparing and submitting the group bid 
and that the associates are responsible 
for developing their selected areas of 
the proposal and for ptoiiding Temco 


with management, technical and cost 
data related to those areas. Each com- 
pany is paying its own expenses in the 
group effort, and costs largely ate sala- 
ries of the people imolved- Proiision 
is made fot Temco to pa\ Northam and 
American Institute for Research fot 
special help in connection with Tcmco’s 
share of bid responsibiliti'. 

Agreement calls for free exchange of 
proprietary information, but limits use 
of such infonnation to the current proj- 
ect. If a patentable idea is deicloped to 
a practical degree during the bid pro- 
posal program, it remains the property 
of the participating imentor, but other 
members of the group get non-assign- 
able. non-exclusiic license to use the 
insention on a lojaltv basis- 

A Policy and Progress Committee has 
been established with Palley as chair- 
man and includes one management icp- 
resentatise from each associate. Com- 
mittee oietsees the bid effort and can 
make recommendations to Temco in 
Temco’s prcpar.ition of the proposal 
and negotiations with USAF. 

Veto Power 

Pailc\' has seto power On any sugges- 
tion made by the committee to Temco. 
but a dissatisfied associate can have the 
chairman’s decisions resiewed by two 
officers of Temco other than Palley. 

Provision is made for withdrawal of 
an associate in extreme circumstances. 
If one of the companies wants to leave 
the group, it can present its case. Then 
if Temco top management and two 
thirds of the associates concur, the firm 
can withdraw under terms defined by 
Temco. These terms arc not to include 
anv form of payment of consequential 
damages. 

The group can also eliminate one of 
its menilx:rb under the agreement. After 
full decision of the circumstances among 
Temco. the committee and the associa- 
ate, the decision rests with Temco. No 
claim for damages is allowed unless the 
termination can be prosed capricious 
and in bad faith. 

If an assocbitc leases soluntarily or 
insoluntarilv while the Temco bid is 
still in competition, the associate can- 
not join a comijeting group or disulge 
ans- infonnation concerning the Temeo 
proposal, Temco decides svho svill do 
the job left by a ss ithdrasving associate, 
and pros’isioii is made for acquiring nesv 
associates. 

The interim agreement cosers the 
period of joint bid activity and negotia- 
tion ssith US-AF until a decision is 
made. If the Temco group gets the 
contract, the atrangcinent moves to- 
svard a more conventional sveapon sys- 
tem manager concept. 

If a contract is awarded, Temco ssill 
be the central agent svliich ha- dealt 
ssith the .Mr Force and svill be the 
prime contractor. At that point, each 


associate svill negotiate a subcontract 
with Temco eoscring its own area of 
the reconnaissance system. Ilannony in 
the joint efforts among the associates 
then becomes the result of moral ties 
betsseen them, rather than a respons- 
ibility set dosvn as it is in the interim 
agreement. 

Ihe Polics and Progress Committee 
ssill continue throughout the duration 
of such a prime contract, although pro- 
sision is made fot ans modification ssat- 
ranted by ness- circuinstana-s. 

Formation of the weapon ss-stem 
group for the sve-ather reconnaissance 
ss-stem tcficcts Temco’s orientation to- 
ssard the aerial reconnaissance field as an 
area of specialization. The company has 
produced an airborne reconnaissance 
ss-stem for the Nas y and has built up a 
quick reaction capability- in its aircraft 
modification program. 

lliis quick reaction capability in- 
sedscs doing a fast job of putting elec- 
tronic systems into modified aircraft 
and turning them around qnickiv. In 
connection svith this, Tcinco bnflt an 
antenna laborators and des-clopcd a ca- 
pabilits- in that field. All these moscs 
headed Tcinco in the direction of air- 
borne reconnaissance skills and the Cut- 

Temeo has also been intensely in- 
solved in building an engineering man- 
agement organization. In 1954. the 
firm started to build up a weapon sy-s- 
Icm engineering setup. This organiza- 
tion won the m’-l. XKDl'-l and Cor- 
STIS contracts for Temco, pros-ing itself 
as an effectis-e vehicle for obtaining 
contracts. 

A more sopliisticatcd organization 
ss-as needed for managing the contracts 
after they- had been svon. so the engi- 
neering department ss-as reorganized 
along program management lines, and 
Gen, Robert E. Gaiet USMC (Ret,), 
svas brought in to manage Corsus and 
other programs. General Galcr had 
been Dia-ctor of the Guided Missiles 
Dis'ision of the Nasy Bureau of Aero- 
nautics. 

In Mas-, Temco took a further step 
in this direction svhen it promoted 
Pallcs from sicc president, engineer- 
ing to senior vice president and named 
General Calcr to the engineering vice 
presidency. 

Correction 

American Machine & Fonndrv Go. is 

E roduccr of the launcher for fiomatc. 

oeing’s surface-to-air missile. On page 
95 in the Mas 26 issue of As'i.stion 
M'eek. -\nicrican Gar & Foundry- svas 
incorrectly- named builder of the Bomarc 

Amc-ricjn Machine Foundry-, in 
addition to the Bomarc launcher, also 
makes the launcher for the Talos, Nas y 
surface-to-air missile. 
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NEW AVIATION PRODUCTS 




Fuel Control Unit 

I'licl control for u.se on small gas tur- 
hmt- powered aircraft, nii.ssik-s and 
target drones incorporates a pneumatic 
.sl>ccd gos-ernor for constant .speed from 
sea level to 60,000 fl. 

Gontrol is a unitized fuel system 
with .1 positive displaamenf gear 
pump, metering salve and by-pass salve. 
Scs-cral versions arc available in weights 
of from 'to 10 lb. 

Chandler-Es-ans, West Hartford 1, 
Conn. 


Accessory Gear Box 

Universal type aircraft acet-ssory gear 
box operate.s in a horizont.il position, 
cm eilliei sick- of the engine. 

Model 1 1 26 gear box is said to oper.ite 
at a maxiimim altitude of 55,000 ft. 
Dt-sign life is 1,000 hr. ssith environ- 
mental temperainres to 260!-'. Unit in- 
corporates a .self-contained lubrication 
ssstem ssith sight level glasses for k-ft 
or riglit hand operation. Inptit pad ctm- 
forims to MIL and 10262 Type XII J. 
Output pad conforms to MIL and 
20002 I’vpe XII J. Designed fot use of 
M1L-L-7S08-C lubric-ant, unit has a 
Inhrie-.ition sersice iutersal of 250 hr. 
Weight b 15,25 Ib. 

V\'estcm Gear Corp., P.O. Box 182, 
l.siiw-ood, Calif. 


Helicopter Spark Plug 

Uelicopler sjjark plug noss as-.iilahle 
for eomnieK-ial u.se tias been in opera- 
tion with US.M-' for tlie |3ast yc-ar. Ping 
ss-as spccificallv developed for Franklin 
aircooled engines cisctl in Bell, Hiller 
-.nul Omega helicopters. 

The REL5SB plug follows massive 
electrode design adopted by US.61'- ,\p- 
prosed for commercial use bv the inan- 
iifjcturers of l''tankliii aircooled engines 
and the CA.6, it is available tbrough 
elcak-ts. 

Cliain|)ion Spark Plug Co., Toledo 1, 
Ohio. 

Scratch Microscope 

Scrateli insestigation microscupo is 
used for checking surfaces on missile 
surfaces, aircraft canopies, propeller 
blades and wing skins, 

scratclies up to .025 in. deep ciii fiat 


counter which detects lightning at 
gieater dishnict-s (60 mi.) but does not 
show- charge buildup. Unit is as-ailabk- 
in several seisions. 

Meteorological Research, Inc., 950 
K. Union St., Pasadena, Calif, 


able ssliieh permif.s the inakin.y, 
photograpliic records on 55 nini. film. 

Engis Equipment Co., 431 S, Dear- 
born St., Chicago 5, III. 

Lightning Warning System 

Lightning forecasting system warns 
missile and aircraft flight testers and 
other lightning endangertd workers of 
potential lightning danger. 

System intcr|)rcts atmospheric po- 
tential gradient according to a few ob- 
jc-ctise ritlts. Gradient unit shows 
iniildup of cliargcs within 20 mi., and 
indicates lightning discharges. Unit carbide ball 
consists of an all-weather radioactive 
probe for picking up air voltage, a 
stable ekctronietcr-amplifier svith semi- 
logarithiiiic scale, and a recorder. Sy-s- 

I also includes a "sferics” (radio 


Air Duel Drain Valve 

Valve automatically allows conden- 
sate to drain from pressurized air ducts, 
k’alse is ]jlaeed in duct system whcres-ct 
condensate tends to collect, W'hcn 
ssstem is pressurized the valve b aiito- 
niiitically closed; unpressurized, s;tlve 
opens allowing acciiniiilatcd condensate 


Spring-loaded tungsten 
ains closed under normal 
duct pressure and opens w-hen 
duct pressure is reduced to from 2 to 
10 psi. \'ii!se bods- is made of stainless 


Barbei-Colciiian Co., Aircraft Con- 
static type) lightning indicator and trols Dis-ision, Rockford, III. 
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SAFETY 


Brifish Accident Invesligution Re/jort : 

Flap Bolt Failure Caused Viscount Crash 


l\irly in tlic afternoon of Maicli 14, 
l'^". the V'iscoiint aiice.iit G- 

NLW'K (goiicnllv linoivn "AWK." oi 
"\\1iisl;> Kcho") cra'^hed iiliilc approaeli- 
mg to lam! .it Riiigna; Airport. Maiiclicstor. 
'I'lic aircraft «.i« oivned and operated by 
Britivli lairopcan \irw.iys ami nan re.icliin| 
tin end of a sclicdulcd passciigcr-c.in; iii| 
flight from Scliiphnl .\irpmt, Amsterdani. 
with a cnov of Sit and 15 pa»cngcrs. \s a 
result of the accident all the crew -and 
lusscngcrr .ind tivo other persons were 
killed.' 

Until the aircraft iv.es roughly a mile from 
Ihe threshold of the riinii-ay it \i-as appar- 
ently making a perfectly normal appioJcU, 
then it made a hanked tntii to starboard and 
continned to descend imlil Ihe starboard 
iiing tip .sirnck the ground. With the stai- 
Isnnrd nine tiirroiving the earth and break- 
ing np, the aircraft, obviously complclcly 
out of control, vvent on until it simek some 
houses, demolishing two of them (ill one 
of M'hieh 0 noman and her inf.int son ii-erc 
k-iied). 

The aircraft came to rest in tiic mins 
Ilf the houses and immediateiv e-.uight lire 
and set fire to the houses. Tlie position 
of tile final cm.sh iias about 000 vd. short 
nf tile runisji and 200 yd. to tlie rigiit of its 
extended center line. 

The Heather iins fine and the I'isihilitv 
gixKl. Tlie aircraft had been properly main- 
tained and the load c.irried isns eompara- 
liieli' light and was correctlv balanced. Hie 
enprtin and first officer ii ere experienced and 
bigliiv competent pilots. .\Itiioiigh there 
we're no survivors from the aircraft, it is 
clear From the evidence of cvc-ivitnesscs and 
from tlie communicjtionv which took place 
between the aircraft and the ground that 
.all vs'iTs apparcntlv nornul until, at the most, 
half a minute before the erisli. 

\n cvc-isitncss of the accident noticed a 
(h-formation of the flaps rtf the starboard 
wing just before the aircraft begin its 
b.tukcd turn. Careful esamination isf the 
iircckagc Ii.is revealed that a bolt and a 
fitting wliicb eonstitnlcd part of the sup- 
port of these flaps had broken befuR- im- 
pact. -\n elaborate tedinical investigation 
isas snbscriuentiv undertaken and lias vboivn 
ccnclnsivclv that a structural Failure oceiirR-d 
and tiiat the probable effect of tliis isonld 
be III cause the aircraft to make a b.mked 
turn to starbo.ird. 

1 had to consider ivhctlier there sias aiiv- 
thing tliat the pilot or copilot could have 
done to keep the aircraft under control. .\t 
no stage of the inquiry was it suggested bi 
the Ctoivn or any of the parties tliat the 
pilots were In any ivay at fault. Tlie reasons 
why they isx-rc in all probability presented 
from doing ansthing to save the aircraft 
depend on the detailed cs-idence wbieli will 
be dealt with later in tliis report, but I 
desire to make it dear at the outset that 1 
.1111 satisfied that there is as no error of any 
kind on their part. 


Tlie lire and rcsCTie services arrived at the 
scene ivitli the ntinost promptitude hut bc- 
c-juse of the fierceness of tlie fire there was 
no possibility of sai mg any lives, even if any 
of tile occupants of tlie aircraft iscre not 
killed imnicijiatcli on impact. 

The niostdiffieiiU part of this inquiry iias 
liccn to ascertain tlie piceisc cause or causes 
of the structural f.iilnre. On this m.ittcr ccr- 
lainh cannot be achicied but iiitli tlie guid- 
ance' of nn .issessors 1 liaic been aiik to 
form a definite opinion as to the probable 
course of c-sents. 'I here iicre sesctal circum- 
stances so nmistial that a combination of 
simibr factors is most unlikely to oceiit 
again. But lessons h.sve liecn jeariit from 
this accident wliieli h.nc resiiltcxl In addi- 


tional precautions heing taken in several 
directions. 

Because it ii.is app.ircnl soon after the 
accident fli.it ,i stmetural failure inijlil bo 
ini'olic'd. nie.isures were taken to ensure tli.it 
all S'lsenunt -lircr.itt then in operation 
should, iiithin a certain time, be submitted 
to eertaiu csamiiiatioiis. I have had to con- 
sider ivlicthcr these steps nerc siiffiiiently 
prompt and ligoroiis. 

Onex- it ins devided ivherc the iieakness 
lay. ,1 niodilieation isas iniRKhiced iihich, 

II.IS accepted hv .ill parties at the inquiry, 
lias suffisient to ensure that a failure at the 

W.I-. lias a k'iscomit "Ul type aircraft 
momif.'ctiiresl hi N'ickers- Vriiisinings i \ir- 
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uaft) Ltd., in lls’ and delivered to British 
Hiiropean .\irims Corp. Jan, 3, 1953. 
Certificate of .Airworthiness was granted on 
Xov. 20, ]d52, and «as annually tcncived 
and was in force at the date nf the aceidcni. 
The aircraft w-a.s mainlainerl according to 
maintenance schedules approicti by the .Ur 
Registration Board, 

This maintenance invoices a pTC-departiirc 
inspection prior to each flight; a Check .A 
within 24 hr.; Check 1, after a period not ex- 
ceeding 133 flying hours; Check 2. not ex- 
ceeding 320 flying bouts; Check 5. not 
L-.xeeeding 1.040 flving hours; Check 4, not 
exceeding 1.500 fl'saiig hours. Each of the 
Checks 2-4 is more tigormis than the pre- 
ceding check and ineindes all the matters 
included in the previous check and some 
additional ones. .AftcT each Clicck 1. 2. 3 
o: 4 another check Iras to he made after 
not more than 155 flving hours. Alter a 
Check 4 the rotation begins again, rollou- 
ing tach Cheek 1, 2, 3 and 4 a Certificate 
c.^ Maiiitcnanee is issued. On .Ang: fl, 1057. 
following a Check 2. a Certificate of Alaintc- 
nance of W.K. iias issued (signed by a ent- 
rentli licensed engineer) which bv its terms 
was valid for 31 davs or 115 flving hours. 
The 1 1 5 lias a clerical error for 1 35 but this 
is uiiiiiipnrtant because the accident occurred 
nnlv six davs after the elicek and the hours 
flown since the cheek wrxe onlv 234. 

Tile pre departure inspection inehules a 
visual clic-ck of the control surfaces and fl.ips 
to see that thei- are Free frnm damage. 
Cheek .A inclndes the same matters and also 
a check of Rap operating mechanism for 
flap extension at the 4(1 deg. positinn. 

Cliecks 1, 2, 3 and 4 include examinatinn 
of all flap falsework and fairings fur satisfac- 
tory condition and security, examination of 
flaps and operation mechanism for satisfac- 
ton condition, correct svnchioniiiation, snug 
fitting, no fouling, adceiiatc clearance be- 
tween flaps and firlseworJ: and condition of 
guide channels and examination of inner 
pt.inc stmelurcs internally and externally for 

s. itisfactory condition and security of com- 
|ionents and pipe lines, 

tiireil was a prototype 700. Certain modi- 
fications were then introduced and the type 
nf aircraft so modifietl w as called 701 . AV.F. 
was the first 701 tipc A'iscount to he m.imi- 
lactnred and w.is nsetl by A’ickers for flight 
tests and after delivers* to B.E..A, iv.as used 

t. n a emisidcrahlc extent for the training of 
pilots — that is to sav for teaching experi- 
ei'C'xt pilots how to handle aircraft of this 
new type, 

I'or this reason W.F. had li.id by March 
14, 1957, more flving hours tluii am* other 
A'iscount except one and more landings 
tfian anv other A'iscount except .mother 
one. i.c, 6.902 firing hours and 4.333 lind- 
iiigs as eomprctl with 6,948 flying hours 
and 4.951 landings which were the highest 
figures among other A'iscoimts. Tire highest 


Lgst Fligtif 

On its last flight the (apt.iin of W.F.. was 
Capt, Tliomas R. Brclicnv. lie was in 
possession of a valid licciiK eirtilllng him to 
fly A'ircoiint aircraft on scheduled passenger 
services. lie was 39 sxars of age. lie joined 
the Royal .Australian .Air Force in 1940 and 



shirboiird ssiiig No. 2 flap unit. Bolt position is detailed in drawing above. 



exsnsersion course for A'iscounts. He had 
flown with B.E..A. 7,314 hr.. 132 of sihich 
were on A'iscxsnnts. 

Both the captain and the first officer were 
regarded by B.K..A. .is very reliable pilots. 
Tliey had ermied out their duties cxecllcntls 
ai.d all their training had bc-en completed 
to a high standard. On the das' of t!ic acci- 
dent both had been on doty for about 7} 
hr. {having flown from London to .Alan- 
clrcstcr, from there to .Amsterdam .nid tlien 
Isaek to Manchester), and on the pics'ious 
day 3 hr. 10 min. 'flic tivo preceding tlays 
both had been off duty . It is not possible 
to say which of them was aetiially piloting 
the aircraft at the time of the accident. 

The radio officer was D. J. lienman. He 
held a valid license and had flown with 
fl.E.A. 4,965 hr.. 1,96" of which were on 


flew mostli tr.insport aireiaft, retiring with 
tile rank of flight lieutenant. 

lie joined B.F..A, in .August. 1946, as a 
explain and in .Alas, 1935. he compleEi-d a 
conversion conise for A’iscounts. lie had 
flown with B.E..A, 6.931 lit., 1.051 of which 
were on A'iscounts. 

The first officer was nouglas Halin. He 
too was in possession of a valid license 
entitling him to fly A'iscount aitcr.ift on 
scheduled pssenger scrsices. lie was 35 
years of age. lie joined the Royal .Air Force 
in 1941 as a pilot on transport aircraft. He 
was awarded the .A.F.C., and retired as a 
flight lieutenant. 

He joined B.F..A. in Rccembcr, 1946. left 
ill .April. 1946. and flew as a captain for 
charier conipnics until 1951, then rejoined 
B.E..A. In Januarv, 1957, he completed a 
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This new era of electronic missile guidance 
the importance of aircraft instrumentation, a field to 
some outstanding contributions. 

An example is a remote channel indicator developed by Hayes’ 
talent. This instrument shows an aircraft pilot the UHF channel to which 
his radio is tuned although the radio may be in a position difficult for the 
pilot to see. The first production prototype of Hayes Remote Channel In- 
dicator passed all required tests, operated perfectly without a single change 
in design, Thousands of these instruments now have been produced by Hayes 
for the U. S. Armed Services. 

Hayes has designed, prototyped, produced and installed thousands of 
electronic kits for piloted aircraft. Hayes has had experience in research and 
engineering for a wide range of aviation instrument production. Inquiries are 
invited. 


ENGINEERS, SCIENTISTS, NEEDED— Hayes 
is an aircraft modification, IRAN, and main- 
tenance facility, including guided missile work. 
Good positions are open for aircraft design 
engineers, graduate engineering students, and 
aeronautical scientists. Write Personnel Direc- 
tor, Department 405, P. O. Box 2287. 



CNGINEERS • OESIGNERS • MANUFACTURERS 


aiiciaft all agreed that a competent and cx* 
I'LTicnccd pilot would automaticalh inc his 
.iilcroii.s in siicli circumstances and 1 am 
.idviscd bv inv assessor. Capt. ^Vhitc, that 
this mos'cnicnt xsunld come so n.sturalls' to 
I pilot that it is unthinkable that lie ssould 
iiol make it. 

This at once creates an impression that 
lui some reason the ailerons must hare been 
iiieapablc of nioscincni. If this ssas so then 
as appears fiom the evidence and the advice 
of mv assessors the onlv possible bupe of 
getting the aircraft lighted svas by use of 
left rudder and increased poss'cr from the 
starboard engines. 

There is as indicated above some evidence 
that the tndder was put to jiort and lliat 
there was some increase of engine speed. If 
these actions were token in tnc serv short 
time asailable then the pilot acted witli 
great skill and promptitude but in all 
probability the bank was too steep and the 
aircraft too near the ground for these 
nicasiiics to be cffccthe. Capt. Gordon- 
Butge. a senior inspector of the .\ecidcnts 
Ins'cstigation Branch, expressed the opinion 
tliat there was nothing tire pilot could have 
done to asoid the accident anti I am satis, 
lied that this is correct. 

<\s aircadv mentioned, tlie cr.ish alarm was 
given by tKc two air traffic control officers 
imiepcndently before the aircraft struck the 
ground. Indeed, the airport fire appliances 
were on the move licfoic the crash occnrmd. 
Five fire appliances, tsso foam tenders, two 
witter tcnder/pnmps and a Vaiixhall tender 

two Faircy .\si.ilion appliances, a pump 
tender and a Land lloser set out from the 
nearby Fairev .\viation Works fire brigade. 
\li the .ibovc-mentioned appliances reached 
the scene bj 15.50. ,\t 15.4S a call was 
made by dire-cl Icleplionc line to Alliincham 
fire station and within a short time 24 ap- 
pliaiices were dispitched from this and other 
stations. .\lso at 15.48 Manchester ambu- 
lance headquarters was telcphoncrl and 16 
ambulances and tsio shooting brakes were 
sent out. Further ambulances were called 
from other centers a little later, 

The Manchester citv police svcrc called 
at 15.31 and 50 Manchester police officers 
attended, ilso officers of the Cheshire 
eoimta police. Right ministers of religion 
attended. Others who came quickly to the 
scene were hospibil sersices (five doctors, 
one nursing sister, fisc nurses), airport 
technicians, cisil defense (rescue), gas, water 
;md electricity undertakings, representatives 
of the Manchester city siirvesoi’s elepart- 
incnt and two morticians. There were also 
.1 lunnhcr of dvilLan soluntccrs. 

Houses Struck 

The aircraft had crashed into N'os. 25 
and 2} Shadosv .Moss Road. Vl'ythcnshawe. 
It had apparently struck the houses below 
roof lesei, the wings had folded inward, 
the fuselage collapsed and accordioned .and 
the wreckage buried itself beneath the roof 
debris of the houses. House No. 21 liad 
also been scscrcly damaged. Tire aircraft 
was upside down. Fire broke out in about 

20 places. 

Seven piiinp jets were got to work while 
the airport fire officer searched house No. 

21 for surs'ivors. More pninp jets arrived and 
were got to work, follmsc^ liy wafcisprcad 
jets. Sers'ice and Chilian helpers helped to 


remove debris and searched for passengers 
.md orew' and any residents in the houses. 

Betsveen 15,20 and 19.10 22 bodies were 
found, corresponding with the five crew and 
15 passengers known to base been in the 
aircraft and tw*o residents ascertained by 
police enquiries to be unacconnied for in 
the houses. *Fhc operations were snbstan* 
liall) complete by 19.44 but smouldering 
debris was still being dealt with no to 25.21. 

It is cle,u that mobilization or all neces- 
sirs' services in adequate numbers was 
carried out with promptitude. .Attendance 
of fire appliances and equipment was in fact 
in excess of rcqiurcincnls, primarily because 
the Cheshire fire brigade and the Man* 
Chester fire control each assumed that the 
meident was in its ow*n area. 

.Ml iiirccssary eiiuipmcnt was provided ex- 
cept that licas'v caliber mechanical rescue 
vi|uipment was not readily available in the 
quantity called for in such a case. It was not 
suggested that this deficiency had any 

The total number of rescue workers and 
technical personnel who attended was about 
300 and it was estimated that about an 
equal number of civilians were intent on 
rendering help in es*erv possible wav. Un- 
foTtnnatcly, these public-spirited willing 
workers lemicd to li.miper rather than assist 
the operation. There was no single control 
over the sarious services. 

The rapid mobilization of so many 
s'chiclcs inevitably cau.sed traffic congestion. 
Such conditions arc not surprising. foTlovving 
,1 terrible accident of this kind. Tire way in 
which the opcialion was carried out is to 
the credit of .ill concerned and there was 
no ssay in which any lises Could base been 
saved or the material damage reduced. 

TECHNICAL INVESTIGATION 

senior inspector of the .Accidents In- 
vestigation Bmnch of the Ministry arrived 
at Ringway about 21 hr. after the accident, 
lie saw Sir. I’cttigrcw the same evening 
and, having heard what he had to sav about 
the stirboard fl.ips, had a search made dur- 
ing the night among the rubble, and by the 
follosving morning tecos-ered most of the 
starboard flaps and also recovered No. 2 
starboard Rap unit and its fittings. 'Fhese 
were sent to Kamborough bs' air lor ex- 
amination at the Royal .Aircraft Estabiish- 
me-nt. Later the whole of the wTeckage- was 
sent to Famkoiongh and, as far as possible, 
assembled there. 

In order to make this port of the report 
as clear as possible to the non-tes'hnical 
reader, I will give a brief description of the 
fiaps, fl.ip units .iiid ailerons. At the rear or 
trailing edge- of each wing there are three 
flaps tiumbcrcsl I to 5 from inboard to ont- 
bnatd. Except when taking of or landing 
the flaps are w'ithiii a kind of housing 
formed hy the upper and lower falsework 
structures which arc fixed to the tr.iiling 
edge member of the wing, and are a con- 
tinuation of its upper and lower surfaces. 

llicre is a quite elaborate mechanism, in- 
volving a chain drive .mid ,i telescopic arm, 
by which the flaps can be lowered, i.e. made 
to mos’c ontward.s toward the rear of the 
aircraft and downward. Tlierc are fisc posi- 
tions for the flaps: up; 20 deg.; 52 deg.: 4U 
deg.; and 47 deg. Idownl. The flaps on both 
wings all mosc together, being operated by 
a single control, and the effect of lowering 


them is that the pressure upon tlieni of the 
air as the aircraft goes formsitd lias a retard- 
iiig and lifting action. 

Each flap consists of two separate pails, 
a mam fl.ip and a fore flap. Tlierc is a sloe 
hetwecii the fore flap and the upper false- 
work and another between tire fore flap and 
the main flap. ITie slol.s a-main open when 
the flaps arc lowered and closure of either 
ot the slots would subslantialli lessen the 
cffe-ctiveness of the flap. 

.After the accident the flaps \s-cre found to 
be in the 32 deg. position, wliich would he 
iioniial for the st.rgc reached bv the pilot 
imnicdiatch before the banked turn oc- 

Thc three flaps on each sving are sup- 
ported bv four structures called flap nirits 
which are ittachcd to the trailing edge of 
the wing and protrude toward the rear with- 
in the mlscw'ork. No. 1 flap unit supports 
the inboard edge of Hap No. 1; No. 2 flap 
unit, the outboard edge of flap No, 1 and 
the inboard edge of flap No. 2; No. 3 flap 
unit, the outbo,ard edge of flap No. 2 and 
the inboard edge of flap No, 3; and No, 4 
flap unit, the outboard edge of flap No. 3. 
Aileron Operation 

There is an aileron (consisting of two 
parts, inner and outer) on each wing, situ- 
ated at the trailing edge of the wing and 
outboard of the Raps. Tlie ailerons are 
hinged to the trailing edge and arc con* 
trolled by a single control in such a way 
that w'hen the starboard .aileron moves up 
the port aileron moi-es down and vice i*crsa. 
The cffeci of mos-ing the starboard aileron 
down is to tend to raise the starboard wing 
and so to m.ikc a banked turn to port, or 
Ic overcome am tendency to make such a 
turn to starlioard. 

In order to pics’cnt damage to the ailerons 
when the aircraft is on the ground, they can 
be locked in the neutral position by a con- 
trol lever in the cockpit. Tlie same control 
IcsCT operates to lock all the control sur- 
faces (i.c. rudder, elevators and ailerons) 
simultaneously. This les-er should, of course, 
nc'xrr be operated in flight. It could not be 
operated accidentally because it requires a 
considcmble pull to move it- 

No experienced and competent pilot 
would ever think of locking his control sur- 
faces while approaching to land — if he did 
so, his aircraft would he completelv tincon- 
tioilablc. When the lever is mosed to lock 
the controls it pulls a wire which pulls seven 
separate wires, each of w-hich operates one 
lock, there being two locks on each aileron 
and one lock each on the delators and the 

The manner of locking is that a movable 
arm becomes enpgcd between jaw s fixed to 
the control surface. Although no pirticular 
clearance between the arm in its disengaged 
position and the jaws had been specified for 
Viscounts generally, B.E..A. had required 
that this clearance should be at least 0.1 in. 
Ill practice it was usually mote, 

Each flap unit Is att.iclied to the trailing 
edge menibcT of the wing in this wav; to 
the top and bottom of the trailing edge 
nicinber are bolted fittings; (these arc c.ilM 
"forward fittings"). To the top and bottom 
of the front edge of the flap unit arc bolted 
fittings; (t)icse arc called "aft fittings"). 
I'he fittings arc of aliimmium alloy, 

.A bolt pa.sscs from aft forward through 
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Hu; top aft tlio frailini edge; mtiii- 

luer, and llio fop fonvarcl fitting, .and iv 
t^enrod be' a nut. On flap units 1, s and 4 
a bolt passes from aft fores'ard througli the 
bottom aft fitting, the tr.uhn| edge mem- 
leer, and tlie bottom fores-ard ^tting, and is 
secured by a nnt. 

On No. 2 Rap unit the bottom aft fitting 
has .1 sm.tll lug and there is one bolt passing 
tUiongh the main part of the aft fltting, the 
trailmg edge member and .t forssard fltting, 
and .1 smaller lurit passing through the Uig. 
tlie trailing edge memher and a subsidiary 
formurl fitting, f'l'he reason for the snh- 
sidiaiy bolt is that the position of No. 2 flap 
imif in rcbfion to tlie ning rib ss'as sucli 
th.it the ni.iin bolt eolild not be placed 
centralis' in the fitting). 

In es'crv rase the Irolt is seenrctl bs a nut 
it its forssnrd end. TIic bolts in different 
positions are of different siaes. Hies are of 
high tensile steel as also are fisc mits. 

From the point of s'icss* of this report 
the important flap unit is st.irlioard flap unit 
No. 2. Use important fitting is the aft 
loiver fitting of tint unit and the important 
bolt is the larger bolt through that fitting. 
1'his ss'as a il. in. diameK'r bolt and tlie 
smaller bolt at the .same fitting vias A. in. 
in the sv'rcckagc were found the fl.ao unit 
and the main part of the aft bottom fitting 
with the head ami p.iit of tlie shank of the 
I'i. in. bolt ibroken off so as to lease onis 
ene tlircadl. while Hie hie of the fitting svas 
still attached to the tniiling edge member 
bs' the ih in. bolt. 

‘Ilic rcniahidcr of the "a in. bolt together 
s'.itli its mit ss'.as ncs'cr found, despite dili 
gent search. TIic surface of the break in 


the in. holt showed on examination an 
appc.iranee which left no doubt in the mind 
of an expert land mv a.sscssor Prof. Red- 
shass- is quite satisfied alsout this), that the 
bolt had been subject to fatigue; about 
2U% of the area appeared to base had a 
fatigue crack spreading sloss-lv across it, 
about another 70'', showed a mote rapid 
progress of fatigue, and the final 10% had 
suffered a sudden tension fr.ietuie. 

Hie break of the lug from the remainder 
of the fitting cannot he described with par- 
ticularity because fire had so affected the 
broken surfaces as to destroy e\-idcncc of the 
nictallur^eal character of the fracturc- 
kk’hen found, the flap unit ivas completely 
detached from the ss'ing but the indications 
were that the top fitting liad broken after 
the lower p.irt of the unit had been de- 
tached from the wing and it seems probable 
that the top fitting broke only in the coime 
of tlie final break-up of the .lircraft. 

,\t this point it is possible to draw 
prima facie coiielusiom as to how this acci- 
dent mav hme happened. The As in, holt 
was badly fatigued ami tlie ultimate break- 
ing of it niai have been Hie first step in 
the chain of c.ms.ition le.idmg immediatelv 
to the accident. If it did break the stress 
on the lug and the dt in. bolt holding it 
would be considerable, and it was the lug 
that broke. 

-Mlcrnativcls' the lug mav for some reason 
base broken first and the stress so imposed 
on the As in. bolt would then have been 
more than in its fatigued condition it could 
hear. In one or otlier of these w-avs the 
lower psrt of the flap unit became detached 
from the wing. 'I’lie air pressure on the 


lowered flaps caused them to lift the No, 2 
unit so that it pivoted about its top fitting. 

Matters now to be considered arc: is 
thca- any ascertainable cause of the fatigue 
111 the Afl in. bolt? Was there am- reason 
(unless the bolt broke first) why the lug 
should break? Were the ailerons put out of 

Fatigue in a piece of metal is caused bi 
numerous alternations of stress in it. It i> 
most ILiblc to occur at a place of high 
staws concentration such as a sharp re- 
entrant corner, c.g. the bottom of a tliread 
ill a bolt. .\J1 the main bolts supporting flap 
units were subject to certain alternations of 
stress but it liad not been supposed up to 
the time of this accident that streises of 
.sufficient magnitude could occur a suflieient 
numlicr of times to bring about fatigue 
within the period in which this happened 
to this particular bolt. The question arose 
— might such fatigue be of wide occurrence 
In main bolts supporting the lower fittings 
of flap units in k’Iscount aircraft? 

To obtain an answer to this question 
an examination was undertaken hv R.A.E. 
of most of the bolts from lower fittings of 
flap units in 100 \'iscounts (out of 189 
then operating). Tins iiivolvcd the cxaniiiia- 
tioii of .S4i bolts. .\s a result it was found 
tbat; la) in W'.E, four belts besides the 
one .vliich had broken showed signs of 
fatigue — the fatigue being substantial in the 
lit in. bolt from the lower fitting of the 
No. 2 port flap unit and slight in the other 
three bolts. (No. 2 .starboard A in.: .No. 3 
starboard; No. 2 port A in.); (b) including 
those from a total of 3? bolts show-cd 
signs of fatigue. 

Tills was considered a significant propor- 
tion hut It is right to say that none of the 
bolts, except the two in \\'.E. that had .sub- 
stantial fatigue, w'ct: more than slightly 
affected, the largest of the other cracks not 
being more than 2% of tlie area of cross- 
section of the bolt. 

All the fatigued holts came either from 
No. 2 or from No. 3 flap unit. No explana- 
tion of why these were affected while the 
holts from Mos. 1 and 4 were free has been 
definitely est.ihlished. Tlie incidence in 
bolts from No. 3 was slightly greater than 
in those from No. 2 (6.7'’(, as agaiost 
5.4% and 4.9%); but see the end of the 
next paragraph. 

The incidence tended, as w.as to be ex- 
pected. to he greater in aircraft which had 
had more landings, (W'here a bolt had 
been changed the relevant number of land- 
ings was course the number since Hie 
new bolt w-as put in). .Among the No. 2 
bolts a striking difference was apparent be- 
tween aircraft w-liicli had becui modified in a 
certain ivav in eertain conditions, and those 
which had liad the modification introduced 
in other conditions. It is necessary to ex 
pl.im this modification, known as Mod. 799, 
111 some detail. It was applied to W.E. in • 
March, 1955, since when W.E. lead flown 
3.639 hr. and had made 2.973 landings. 

According to the original design the larger 
holt for the lower fitting of No. 2 flap unit 
was a i in. bolt. Now with the earlier A'is- 
eounts some trouble was experienced with 
Ihc Raps, llic defects were not of a serious 
nature. Tlics were such minor defects as 
aix usunllv experienced with a new* type of 

W.E. itself had some ol these flap trou- 
bles hut not to an exceptional extent and 
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tlierc IS no reason to suppose that aui extra 
'tresses on the support.s of the flap units 
were c.aused bv them, nowever, one thing 
that happened in a number of X'iscomits 
was that the cliain broke in the .No. 2 Rap 
unit and It was decided to .sliengthcn this 

For valid teclinical reasons it was con- 
sidered that the chain ouglit to lie the 
weakest part of the unit (l^causc a break 
in Ihc chain w'US less likely to have serious 
lesiills than a break in the stiiiclure). ami 
so when the chain w'as strengtiumed it was 
decided to strengthen various part.s of the 
unit, including the main bolt liolding the 
low'Ct fitting, 

.After calailations as exact as the nature 
of fhe problem permilfed, the decision was 
to increase the diameter of the bolt to 
Ai ill. 'Hie caleulaHon ins'olvcd assessing 
the loud expected to be carried by the holt. 
1 ml apphing a factor of 1 .3 to arrive at the 
"fullv factored load" and then applving 
another factor to give a fiirthcT ic*scnc of 
strength; for flap atf-achment bolts in \'is- 
counts this .second factor was at least 1.6 
but for this particular bolt it was about 2.4, 
that Is to say the fully factored load was 
about six tuns and the strength of the bolt 
was siiffieienl for a static load of about 14 

'Hie name of Mod. 799 was given to the 
whole modification including the provision 
of a stronger chain and a larger bolt with 
the as.sociatcd work. In \’iscounts which 
were in course of manufactutc and which 
had not yet reached the stage at which this 
part was completcil. the modification was 
introduccxl heioic assembly; when the ex- 
.imiiialion was made after the accident iioiie 
of these bolts wine found to be fatigued. 

manufacture but laid had this part com- 
plelcd, the modificatloii was iiuidc in the 
factory; one of these bolts was fatigued out 
of 35 examined. In \'iscoimts which were 
already in operation (which included W.E.) 
the modification was made elscivlicrc than 
in the original factors; lU of these bolts 
nea- fatigued out of 52 examined. It seems 
elerir tlut modification after delivery tended 
to incR-osc Ihc incidence' of fatigue in No. 2 
holts. 

nils modification cannot. Iiowcvcr. be 
regarded as the cause ol all the fatigue 
fmiiid since the No. 3 bolts li.id not licvn 
modified at all and set had a significant in- 
cidence of futi|iic. (Comparison of the 
.srtual percentage incidence Wtsvecn No. 2 
and No. 3 cannot nsefnih be made since 
the -No. 3 holts were on the aserage a con 
sidcx.iblv older popiibtioii] . 

Of all the A'iscoiints to which Mod. 799 
was applied after dcliscrv to oper.itors. one 
was modified bs k'ickers.'loiir by .\cr Liiigtis 
and 17 (including W.E.) by Marshalls FIs- 
ing School Ltd., of Cambridge. Hu's fast 
mcaitioiied companv, despite its name, car- 
rie.s on an extensive business in work in con- 
nection with the repair and modification of 
airer.ift and has a liigh reputation in that 
con licet ion. 

While five fatigued bolts were found in 
the 17 aircraft modified by Marshalls, one 
was found In the aircraft motlified by k'ickers 
.md four (two in one aircraft and one cadi 
in two others) in those modified by ,\cr 

Examination of the fitting concerned on 
W.E. after the accident revealed certain 
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Janitro! “knowns" reduce the unknown 



Because reliable aircraft arid missile components are our 
only business, the reduction of the unknown gets first 
priority; “knowns” are designed in rapidly because an 
ample engineering and test staff gets action. Here are 
a few examples. 

Top: Janitrol high-pressure air duct couplings save 
one-third in weight over conventional designs. Newest 
couplings are made up to 36" diameter for quick dis- 
connects of jet engine tail pipes. 

Center; Janitrol pneumatic valves and regulators com- 
bine functions to save weight, bring new versatility and 
dependability to air distribution systems for tank pressur- 
ization, canopy seal, and other vital air-powered devices. 

Bottom; Janitrol Platular“ heal exchangers combine 
the strength of the tubular type with the efficiency of the 
plate in a new economical modular design. Can be tai- 
lored to make maximum use of small, cramped spaces 
where conventional designs won’t fit. 

Call in your Janitro! representative for proposals on 
heat transfer, air control, and aircraft hardware problems. 

Janitro! Aircraft Division, Surface Combustion Cor- 
poration, Columbus 16, Ohio. 
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pneumatic controls • duct couplings & supports • heat escfiengers 
combustion equipment for aircreft, missiles, ground support 


iiimsucl features os follows; — 

• Marks of the bolt heads and nuts (both 
the original 1 in. one and the later in, 
one) on the fittings were uneven i.c. ssotc 
more pronounced at one side than the 
other, indie.iting that cither the bolt or the 
hole was out of true; and consequentlv the 
loading on the holt would not base been 
truly a-vial; the position of the deepest im- 
pression of the nut of the fa in. holt cor. 
responded approximately to tlic fatigue 
origin on the boll; (something similar, and 
even more pronounced, was found in the 
corresponding position on the port wing 
aud. on the assumption that in c.vcii case 
tlie shaft of the i in. bolt was true to its 
head, it appeared in each case that the ft 
in. hole was not concentric with the 1 in. 
hole and that the axes of the original and 
the now hole were not parallel). 

• Front face of tlic fitting liad been milled 
down by about 0.1 in. — one effect of this 
being that tlie Ing was O.I in. thinner than 
as designed; 

• Because the part of the trailing edge 
member of tlie iviiig against which the 
fitting had to rest had tliree snap rivet heads 
ptojcctiiig fiom it three small depressions 
iiad been made in the face of the fitting; 
hut the edge of hvo of these depressions 
li.ad fouled llicir rivet heads so that the face 
of the fitting had not been Iviiig true against 
the trailing edge member. 

The wings of W.E. (apart from the 
flaps) were manufactured by contractors, 
Sannders-Roe, a company of high reputation 
with long experience in the aircraft manu- 
facturing industry. As to the putts relevant 
lo this inquiry, §aunders-Roe niamiCactiued 
the trailing edge member, the fonvard fit- 
ting and the after fitting and reamed holes 
lor tlie 1 in. bolt. 

The holes in the trailing edge member 
and the fomard fitting were originalh' left 
at A in. and were reamed to i in. on final 
assembly, .-\fter delivery of the wing to 
Vickers, for some rca.son a replacement for 
Ihc forward fitting was asked for by Vickers, 
and svas deliverM separately by Saunders- 
Roe- Tliis replacement was delivered with 
H A in. hole which was reamed by Vickers 

Because of the modification which latct 
took place it is impossible to tell whether 
it was the 1 in. hole or its bolt which was 
out of true, ft appears from the evidence 
Uiat it is quite possible that in the course of 
the successive reamings some mal-alignroent 
uf the hole came about. Ilowes'et, for the 
purposes of this r^ort any mal-alignment of 
the i in. hole is irrelevant unless it led 
lo the mal alignment of the ft in. hole. 
Modification Procedure 

Mod. 799 as already explained was per- 
formed on W.E. by Marshalls. They 
reamed a ft in. hole which may not have 
been co-axia! with the original i in. hole. 
The reaming of this hole on an assembled 
wing was an awksvard job. Vkkcr.s provided 
lliiee reamers graded in size and Marslialls 
supplied a socket to fit over the head of the 
reamer and a series of extensions to bring 
the operating point clear of the Rap unit. 

The reamer was operated by a ratchet 
attaclied to the outermost extension. Tliis 
extension was supported by passing it 
through a hole in a steadying pad. The 
mechanic operating the ratchet would be 
un*le to see the reamer. When the hole 


was cleared of* swarf and checked witli a 
tliimmv bolt and then a ft in. bolt coated 
with a juinling cuiiipound was inserted. 

OwTOg lo tile obslniclion of other parts 
nf the structure the means of tightening tlie 
nut on the bolt was nnusnal; one man in- 
side a tank compartment in the w-ing had lo 
fit the nut on to the- bolt and licid it with 
a sp.'inner, wlnlc another man turned the 
holt head from outside- 

Tighliie.ss was checked bv an inspector 
.ind the niit was locked by popping. (At 
that time there was no reqiiiremcnt for 
torque loading: since tlie accident a re- 
qiiiicmciit liasliccn introduced for rhe tight- 
ness of such bolts to he checked by a torque 
loading figure of J50 lb. in. ifowcser it 
docs not appear tliat the tightness of the 
nut was a critical factor in relation to the 
dcs-elopnicnt of fatigue). 

Subsequent experiments go to show tliat 
\shcn a liole is enlarged in the wav described 
tlic original hole normally tends to keep the 
reamer in ime alignment. Ncscrtlicic.ss in 
the re.snit the axis of tire ft in. hole was not 
true. How this came about remains uncer- 
t;:in. .At the time when AA'.E. ssas modified 
Marshalls had already applied Mod. 799 to 
about 10 A'jsconnts. 

Before any of this work was done 
Marshalls' inspectors and the operatives 
concerned .spent some time at A'ickers’ fac- 
tory to study the operation; moreover when 
the first three or four modifications were 
done by Marshalls an inspector from A'ickers 

It appears that at the time when this 
work was done people highly experienced 
in this type of work svould nwer have sup- 
posed that a reamer carefully operated in 
the manner described would "wander” ap- 
preciably. I am satisfied that inspection on 
AV.E. svas carried out as fully as ss-as prac- 
ticable by Marshalls’ inspector: the design 
of the fittings made it impossible to examine 
the seating of the nut and only about 40% 
of the seating of the head could be seen 
and that not accurately. The jointing com- 
pound squeezes out arid makes it still mote 
difficult lo observe the seating. 

It was suggested on behalf of the British 
■Airline Pilots' Assn, that Marshalls' records 
ss-eie not as full as they should haie been. 
The records sliowed the work done, the 
inspeetoi and the gang of men responsible. 
In mv opinion it svould he unreasonable to 
ask for mote. To record the exact part 
played by each operative in doing a job 
would involve an amount of clerical work 
that svould not be justified. 

The machining of the face of the aft 
fitting was done in Vickers’ workshops. 
Tliere should have been a concession note 
for this work but It has not been possible 
to find one and probably none was issued. 

I was assured, and accept the assurance, 
that the work would not has-e been done 
svithout obtaining the oral consent of the 
design department and that those responsi- 
ble for the design believed and still believe 
that the fitting was still of adequate strength 
with this amount of metal removed. (A 
similar fitting on the prototype 700 was 
treated in the same way and on that occa- 
sion a calculation was made to ensure tliat 
the .strength was not reduced too much and 
a note was made that a concession had been 
granted] . 

The reason for Ihc alteration was probably 


that on asscmblv the Raps were found to be 
sers' slighflv out of ;iHgnmcnt and tli.it the 
machining was done to get tlicm properly 
aligned. The onlv materiality of the matter 
is that the ing might not base broken if it 
iiad been of tlie otigfna] thickness. 

Wrong Rivets Used 

It was bv an os'Crsight in the original dc- 
t;liled drawings that sn.ip liead rivets and 
not counter-sunk rii-ets were indicated. Only 
W'.E, ,ind one other aircraft had been 
fitted with these risers wiieii the error was 
discovered. Tliercaftcr the rivets were 
couiitcr-.snnk hut on W.K. it was considered 
unnecessary to remose perfectly good rivets 
wiiich were already in place and the proce- 
dure .idoptcd was to make depressions to 
accommodate the riict heads. 

AATien the 0,1 in. of metal was removed 
the dcpicssions remaining in the .surface of 
tlic fitting would obsioiislv be too small and 
would have to be enlarged. Again dris work 
should have been covered by a concession 
note but apparently was not. However, it 
was obvioii.slv necessary to do it. 

For some reason which is nnexpLiincd, 
two of the depressions were not exactly in 
tlic right position and instead of completely 
enclosing their rivet heads the edge of each 
of these two rested on the edge of the 
rivet head. This meant that the forward 
face of the fitting was not in close contact 
with the trailing edge mcmbei. (Certain 
calculations suggest that the maximum dis- 
tance between them was about 0.05 in. but 
this figute is not definitely established). 

Two possible consequences would be ( 1 ) 
that when the two bolts were tightened up 
the fitting would be under stress whicli 
may have caused the lug to break off. (If 
this stiess had directlv caused such a frac- 
ture it would prolab'ly have happened at 

was caused which led in time to .sonic de- 
CTCC of corrosion followed es'cnluallv by 
fracture). (2) That when the original 1 in. 
boll was removed for Mod. 799, the fitting 
shil held by the A in. bolt would slightly 
spring away at the other end of its fece 
(though the attachments of the filling to 
the flap unit would tend to reduce any 
such springing) so that it would be in a 
•slightly different position when the reaming 
operation was performed from the position 
it would take up w-hen the ft in. bolt was 
inserted and the nut tightened. 

This, therefore, is a possible cause or 
contributory cause of the faulty seating of 
that bolt. It must, however, be remembered 
that the seating of the correspondine bolt 
on the port wing was also faulty, allTiough 
the filling was there lying snugly against the 
trailing edge member, 

.A careful experimental investigation has 
been made by R.A.E. into the question of 
whether faulty seating of the bolt head or 
the nut had any effect on the incidence of 
fatigue. The results establish that an inclina- 
tion of a few degrees mav drastically reduce 
the fatigue life of the bolt. 

Unless the inclination was so small that 
the bolt head or nut could bed down on the 
fitting the effect on fatigue life was not 
related to the angle of inclination Broadly 
speaking the investigation showed that ii 
Imit accurately seated could withstand about 
twice the alternating load of a bolt with 
inclined .seating. 

But the effect of inclined seating on 
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fatigue life in certain ranges of alternalmg 
load was found to he of a high order. I1ie 
findings may be summarized as folloss's: 
with loads up to lour tons to the square 
inch both nell-scatcd and badly-seated bolls 
still had an indefinitelv long life; hctuccn 
four and eight Ions to the square inch, well- 
seated bolts still liad an indefinitely lung 
life but badly.scaled bolts had a limited lifei 
from eight to 1 2 tons to the square inch 
both had a limited life but the life uf a 
ucll-scatcd bolt, expressed in alternatiiiii.x of 
load, was about sO limes that of a badly- 

Up to the time of these imesligations 
It was not known even to experienced aero- 
nautical engineers that the seating of a bolt 
could have such an important bearing on 
fatigue life; the matter had apparently never 
been studied before except for one series of 
experiments in the United States, the results 
of which had been published in 19?! but 

It is now clear that the mal-alignmcnl of 
both A in. bolts in VV.E. is an Important 
factor to be considered in relation to the 
high degree of fatigue which had developed 
in botli of them. On the other hand it can- 
not be said that no fotigiic u-oiild haw oc- 
curred if the bolls had been accurately 
seated: for among tlic 26 bolts from other 
\’iscounts found to he cracked were at least 
hvo which had cracks to the extent of about 
2'/( of the cross-sectional area and xvhieh 
showed no signs of mal-aligniiicnt. 

Flap Deformation 

Other experiments were mode by R.A.E. 
and Vickers to discover w-hat deformation 
of the daps would be likely to result from 
the failure of the connection at No. 2 unit 
bottom fitting and what cHect on the flight 
of the aircraft this would ha\*e. 

Tlic conelusion.s reached were that in all 
piobability the top fitting held and the 
unit pivoted about this point until the bot- 
tom of it came aw-ay to a distance of about 
.six inches from the trailing edge member. 

The distortion of the starboard flap sys- 
tern which resulted (involving the closing 
of the slot behveen the fore flap and the 
upper Falsew'ork} would introJiiec sufli. 
eient asvmmetrx' to cause the roll and turn 
wliich was obsened, procided no corrective 
action w-as taken hv tlic use uf the ailerons. 

'Ibe rolling tendency would, however, be 
well within the corrective power of the 
ailerons Hris matter was investigated bv 
Iwfli \'iekcrs and R_\ E. X'ickers made a 
mechanical test on a u-iiig, simulating the 
conditions bclicied to have affected W'.E. 
and obtained a certain deformation of the 
flaps, 'nicy then calenlatcd the aileron angle 
necessary to hold the resulting roll and eon- 
eluded that it w-as prohablv 2.4 deg. or at 
n'ost T6 deg. 

R.,^.E. made flight tests and simulator 
tests and concUided that the deformation 
might have brought about a somew-hat 
greater loss of lift than w'as foumi bv \'iekers 
and that to cause the toll described by wit- 
ne'sses flap damage cquiialent to about 4 
deg. of aileron would he needed. .Vilennis, 
if svorking normally, could turn through an 
angle many times as great as this, oimu- 
lalor tests, checked by Full-stale flights, 
showed that control bv the use uf rudder 
alone, with the ailerons locked, w'ould lias'C 
been marginal and almost tcrtainly impos- 
sible in practice under the conditions exist- 


ing at the time). This leads to a considera- 
tion of whether the ailerons were locked in 

The wire controlling Ihc locking devices 
of the starboard aileron passed through a 
fair-lead on No. 2 flap unit. Just inboaid 
of the unit it passed in front of a fuel pipe. 
Ccomctrically it is clear that a movement 
of the unit such as lias been described 
above would tend lo pull on the wire (the 
extent of this pull being much magnifled 
by the proximity of the fuel pipe) and so to 
lock the aileron. This would cause the port 
aileron also to be immovable. 

Tests which ware made indicate that 
while the degree of movement obviously 
depends on the exact position of the wire 
(wliich cannot be ascertained), it would 
have licen possible for the ailerons to be 
locked in this way. assuming a position for 
the wire within 4 in. of the fuel pipe which, 
though unusual (as shown by examination 
of a numlier of other \h.scounts), docs oceiii 
in a small proportion of cases. Tliere ate 
several indications in the wreckage that the 
ailerons were in fact locked. 

Elevators Examined 

There was also some indication in the 
wreckage that the elevators were locked or 
partially locked and the rudder was locked, 
ibese could not have been locked by anv 
such means as arc described in the preced- 
ing paragraph. It appears that the control 
lever which operated all the locks vvas not 
at the time of impact in the off position 
hut was at least a quarter of the way toward 
the lock position. J'hat would probably be 
sufficient just to cause the locks to begin 
to engage. 

This leads to the question— did the pilot 
operate the locking Icvct and if so, wliv? 
Ihc most probable answer, supported by 
the views of competent witnesses and con* 
firmed by the advice of my assessors, is this: 
Ihc movement of the flap unit locked the 
ailerons; Ihc pilot, when the roll began, at 
once tried to move his ailerons and found 
tliat they were locked; iu desperation lie 
(or the copilot on his in.stniclions) seized 
the locking lever to see if he could free the 
ailerons and (It being at that time in the 
unlocked position) pulled it towards the 
locked position. This probably happened at 
a time when the aircraft was. in fact, irtt- 
Inevably out of eontral. The locks would 
not necessarily engage immediately but 
would do so on any control siiiFace Which 
'cached the neutral position while the lever 
vvas being pullc-d. .\n alternative povvibilitv 
is that in the break-up of the aircraft some- 
thing caught the main lacking wire and 
pulled it; hut no evidence of this having 
liappencd could be found in the WTCckage. 

’ihc question arises ol whether B.EA. 
could have discovered before the accident 
that bolts in W.E. and in some other Vis- 
comilv were alfeetcxl by fatigue. None of 
Ihc ordinary checks would liavc revealed 
this because such clicets do not involve the 
extraction of such bolts. 

In about 195s dc-cided to appiv 

to \'isconnls a "lOW sampling check" sys- 
tcni which had been worked out in co- 
iiperalion with .Air Registration Board and 
the mamifecturers for another tvpe of air- 
craft. Ihis chock vva.s to be carritxi out on 
the first Viscount in the fleet to teach 6,000 
hr. flying, then on the fitsl to reach 12,000 


.At anv one chc'ck 10% of the aircraft’s 
bolts fallii!| within certain descriptions were 
lo be removed for the purpose of inspect- 
ing the holes for corrosion. (The check was 
never intended as a safeguard against fatigue 
uf bolts. Examination of such a small pro- 
portion of liolls at such long intervals would 
be of little use for that purpose). 

Krom time to time additional items were 
added to the list. In August, 1956. bolts 
attaching Bap units to the trailing edge 
member vvecc added. Before the accident 
the first of the B.E-A. A’iscoiinls to reach 
6.000 hr, (which vvas not W.E. but O.G.) 
had been subjected to this 10% sampling 
check. This was on Nov. 14, 1956. 

One of the bolts removed happened to be 
the i’< in. holt From one of the No. 2 flap 
units. .Although the check was primarily a 
check of holes and not of bolts, bolls were 
examined by a inagna-flux test and in other 
wavs and then sent lo the maniifaetnrers 
for further examination. No cracks were 
then found in any of these bolls. At a later 
date after the accident the i1i in. bolt from 
O.G. was submitted to a very stringent 
examination and vvas found to have a 

TECHNICAL DISCUSSION 

This section deals with a number of 
technical matters relating to the malctial 
construction and assembly of the bolt and 
fitting which failed, to the forces involved 
and the probable cause of the fiactiices. 
'Ihc opinions expressed arc those of my 
assessors. Prof, 'lliom and Prof. Redshaw-, 
which I fullv accept. 

Tlie fitting was machined from a high 
strength aluminium allny extrusion to speci- 
fication D.T.D. 565, the grain of the ma- 
tvrial running fore and aft. This was con- 
sidered by the designer, and quite correctly, 
as being the most advantageous direction 
for the grain, but as a result the direction 
of the grain for the projecting lug provided 
for the fk in, boll was in an iinfavoiablc 
direction; nevertheless, the thickness of Ihc 
lug as designed, and its method of attach- 
ment, would not have caused any undue 

We know that the thickness of the lug 
had been reduced from 0.4 in. to 0.5 in. and 
that the fitting was assembled with its face 
dear of the trailing edge menvbcr; it would 
therefore havx; been scarcely surprising if 
the lug had been cracked by the tightening 
up of the bolts either initially or subsc- 
^cntly during the incorporation ol Mod. 

The elongation of aluminium allov 
D.T.D. 565 ill the transverse grain direction 
would not be more than 25'6-5%, and 
therefore it is reasonable to assume that 
after asxemblv, as far as stress was exni- 
eemed, this lug vvas in a critical condition 
and it may well be that a small tension 
crack had already started in tire very sharp 
comer uf the spot face. 

•\ visual examination of the lug fracture 
showed that the failure was in bending with 
some shear and that the failuie commenced 
at the sharp comer uf the spot face. The 
cunicr between the lug Face and the main 
part of the fitting vvas nrimde'd; the spot 
face itnpiiigcd oir the Cunx-d portion of tire 
surface, causing a sharp te-entrant comer 
there). -As the fittiirg had been softened by 
Are, it vvould not be possible to say whether 
Ihe failure uf the lug vvas caused By fatigue. 
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hr stiess cotiosion or by any other cause. 

Both the I. in. and A in. diametet bolts 
were maiiiifactnrcd from hieli tensile steel, 
to specification 5.99, rliicli calls tor an 
ultimate strength of not less than SO 
tons/in.“; the limits on the bolts, and the 
holes through which they passed, conform 
to good engineering practice. 'Ilic bolts 
w'ctc threaded to BES.A limils and the 
threads were nm out to mitigate the effect 
of stress concentration. Finally, the bolts 
were gisan the slandard cadmium coaling 

Fretting Observed 

In addih'on to the evidence of fatigue 
cracks, fretting svas obsen'ed on the shanks 
of various bolts including the fl in. bolt 
under discu.ssion. In this connection it is 
to be noted that it is very unlikelv that any 
of these bolts were ever tightened suffi- 
ciently to prevent movement of the holt in 
ifj hole. 

In the case of MTiisky Echo, this effect 
might have been augmented by a definite 
slackening of the bolls caused by creep de- 
formation of the hcavilv-loaded rivet heads 
under the fitting. These combined probably 
explain the fretting marks. 

Fretting is. however, only in the very 
earlv stages and is not indicative of any 
appreciable movement along the axis of the 
holt (sinec the edges of the marks arc 
fnhly sharp and correspond to the three 
thicknesses of metal which the holt passed 
through), file fretting could not be con- 
sidcied as contributing to the failure of the 
holt but it does indicate a degree of move- 
ment at this point which is relevant to the 
<|iiestion of whether a bolt in tension should 
be used in such a situation. 

It is necessary to consider the forces 
which would be operating on the bolt and 
fitting. As the (lap unit is rigidly bolted to 
the wing trailing edge member, the reactions 
at the attaelinieiit arc statically indeter- 
minate. \\'e have at the lower attachment a 
tension, an indeterminate shear force and 
an indeterminate moment. 

pend on the elasticity and deformation of 
■lie structure, and arc almost impossible to 
calculate. Coii.sidering the bottom attach- 
ment, as the loads on the flap unit with the 
flap in operation are predominantlv upward, 
the two attachnicnt holts would he sub- 
jected lo a tension, an upward iiidcter- 
nrinate shear force, ami the indeterminate 
moment which would he transmitted to 
the structure as an additional tension in the 
holt and a pressure on the trailing edge 
member from the edge of the filling. 

It is necessary to explain how the bolt 
could have been subjected to oscillatory 
stresses of such a magnitude as to prodircc 
a fatigue failure. The bolt would be stressed 
due lo tightening when initially assembled 
and it would be subjected to direct and 
shear stresses caused the transmission of 
loads {torn the flap. Vickers made careful 
calculations at the time when Mod. 799 
svas introduced and these are substantially 

The question of indcteniiiiiancy never- 
theless remains, and as mentioned pre- 
viously it is impossible to include every- 
thing. ,\t some points in the calculation 
estimates of loads have to be made, and it 
is here that mieertaintics ace introduced. 
It is, linwcvct, to be noted tliat these cal- 


culations are for the design case, tlvat is the 
wxrst case which the airplane is ever cx- 

Since the accident Vickers ha.s made a 
series of Bight load mcasurcrneuts on the 
X'iscount flap support structures. These 
showed that the over-all loads were in 
good agreement with calculated values. The 
tonchision was reached that high frequency 
oscillating loods occurring svhen the under- 
carriage was extended were unhlcely bv tlicm- 
selvK lo be critical from the fatigue point 

No. 2 flap unit is situated to the rear of 
the rib which eanicj the main undercarriage 
leg, and therefore shocks transmitted by the 
leg on touchdown and subsequent taxiing 
would cause osciTblon- 5trcs.scs in the bolt 
itself. Furthemiorc, the unit is in the 
proximitv of the iniiet cn|iiie and therefore 
any hnffeting of the flap nom the propeller 
slipstream, and indeed from the under- 
carriage leg when in the down position, 
would cause additional oscillatory stresses 
rm the bolt and fitting. The measured value 
of these oscillatory stresses vvas ±3 tons/in.’, 
or possibly 20'S greater. 

It is possible that during the life of the 
bolt there might have been a million such 
stress repetitions. Reference to a graph 
wliicli summarized the tcsiilts of experi- 
mimts made by R..A.F.. with a nunibei of 
bolts show.s that this is perilously near the 
failing load for bolls svhosc heads and 
nuts arc not properly seated. 

It should be noted that No. 2 fitting is 
almost directly behind the inner starboard 
engine. There is little evidence as to the 
magnitude of the disturbances vvhich might 
be thus produced, In this connection, it is 
to be noted that no fatigued bolts were 
found in Nos. 1 and 4 flap units (which are 
not in the vicinity of the engines) in any 
of the aircraft vvhich were examined. 

.\part from the high trcqueiicy oscillatorv 
loads it is necessary to remember the niiicfi 
greater alternating loads ocetTrring in certain 
conditions on landing and at takeoff. Tliese, 
as appears from Right tests and from Vick- 
ers' original calculations for Mod. 799 were 
of Ihc order of ±11 tons to the square 

.As the bolt was in tension the stress 
concentration factor could vary consider- 
ably from bolt to bolt, depending as it does 
on the surface finish at the root of the 
thread. The bolt was mamifectiired from 
a high tensile steel which is verv notch- 
sensitive, its Izod value being 25 ft. lb. as 
compared with, for example, 40 ft. lb. for a 
miien lower strength high tensile sK-cl of 
specification S.96. 

Thetefotc the surface finish cpf any por- 
tion of the bolt .nihjected to strc.ss vvas of 
the highest importance. From the evidence 
given, we know that the threads were cut 
but not ground or polished and it was stated 
that grinding or polishing might pocsihly 
Iiave done more harm than go^ which is 
probably quite cottert. Tlie point is that 
a very iiotcli-sensitive steel was used and 
it was subjected to a concentration of stress 
which is inevitably associated with a 
threaded bolt under tension. 

It could be argued that the R.A.E. tests 
took account of the fact that the bolt was 
improperly- scaled, as indeed they did, but 
tbc.se tc.st.s were made under ideal lalreratorv 
eoiiditiom which might quite vvell be more 
favorable than the actual conditions obbin- 


ing on the assembled fitting. It Is necessary 
to have in mind here the unknown applied 
moment and shear force vvhich almost cer- 
tainly vary from aircraft to aircraft. 

Having regard to all the matters referred 
to ill the last three paragraphs, it is possible 
to account for the occurrence of such al- 
ternating loads as would, taken together, be 
sufficient to cause fatigue in the holt in 
question and other bolts in similar situa- 
tions supporting Gap units in N'isconnU 
During the bearing, frequent reference 
was made lo llic advisability of using bolts 
in tension and it was stated that this was 
general engineering practice, and that a 
multiplicity of holts in tension would not 
neccssarilv provide an additional safegiiaid. 
'Iliis is true, but it must be remembered 
that the holt in question and its nut were 

tension bolls ate made from a low tensile 
ductile steel which would allow some im- 

E erfection in holt head and mil seating to 
0 accommodated; in addition, a low tensile 
•steel would not be so notch-.sensitive and 
therefore not so liable to the development of 
a fatigue crack from any small surface im- 
perfection. 

The stress at the bottom of a thread is 
very much larger than the mean stress 
across the section, larger by the so-called 
"stress concentration raetor’’ which could 
be of the order 3 or 4, If, instead of using 
the bolt io tcosion. the fitting had been so 
designed that the load was taken by a holt 
in sTiear, then the stress conditions would 
have been enlircly different. 

I-'or one thing, the degree of redundancy 
ill the attachment reactions would have 
been reduced as no fixing moment would 
have been present, but of more importance 
would be tfic fact that the threaded portion 
of the bolt would not have been subjected 
to stress and therefore it w-oiild never have 
been in danger of fatigue at this point. 

As lo Ihc consequence of feilure. it is 
clear that a fatigue crack in the holt must 
have been present before the lug failed. If 
we assume that the fatigue of the bolt had 
reached such a stage that if finally feiled in 
tension, then the failure of the lug must 
have been almost immediate. The loading 
conditions on the lug would be those of 
bend, shear and torsion but an ewajiiination 
of the fracture sliovvs that the failure vvas in 
bending vvitli some shear and that it com- 
mciiccd at Ihc sham comer of the spot 
face, a type of failure hardly consistent 
with the assumption of the prior failure of 
the bolt. 

Theory Supported 

The kind of failure which would occur 
if the ft in. bolt failed first was show n in a 
photograph produced at the hearing of a 
fitting dcliberatciv broken as a test. This is 
quite different from the failure on Whisk; 
Echo and so gives support to the theory 
that the lug Failed first. In all prob.rbilitv'. 
however, it failed very shortly before the 
accident. If the A in. bolt in its severely 
fetigued condiKoii had been bearing the 
whole load at this point it would probably 
have failed before the flaps reached flic 
32 deg. position. 

It is conceivable that the fatigue crack 
in the bolt had progressed only to 20'/t of 
the area of its cross-section before the al- 
teadv ov'er-sfressed Ing failed due to the 
operation of the flaps, or the lug may 
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|x>ssibl} even haw failed due tu ^tieva cot- 
Tiisioii or fatigue at this stage. 

The surface of the fatigue «ack in the 
boll, after Ihc well-defined initial stage, is 
such as tu indicate a mute rapiel adsance of 
the crack and it is just possible that this 
nest stage could base taken place during 
the portioit of the flight nitli the flaps re- 
tracted, when the loads uoiild be small but 
i;i an oscillators nature. Tlie operation of 
Ihc flaps prior to landing could then canw 
the final failure of the hull. 

■\lthongh it mas well be that the lug 
failed first, ncscithcless the flihire of the 
fatigued holt «as iiic'ilable. Even if the 
lug had remained intact the holt would 
have failed before long, though its failure 
might liavc been pteteded b> the failure of 
the bolt on the port sviug, 

STEPS FOLLOWING ACCIDENT 

Immediately after the accident informa- 
tion of it ssas sent to k’lckcrs, the Chief 
Inspector of Accidents, R-\.E, and .A.R.B. 
Discussion of the causes of the accident 
and of pievaiitionan' measures to be taken 
at once began between all these and B.EA, 
The measures that were taken were the 
result of agreement reached dav by dav 
as the ime'stigations developed. 

On Marcli 14. Vickers sent telegrams to 
all licensed operators of k'iseouuts infonn- 
Ing them of the accident. On March 15 
the broken bolt «ps identified and on the 
esciiing of that day it was sent to N'ickers 
and by them to R..\.K. On March IS the 
conclusion was reached that the breaking of 
this bolt had something to do with the 
cause of Ihc accident. On March Ift and 17 
the corresponding bolts on all \’i.sconnts 
in the B.EA. fleet were checked for tight- 
ness uherc they were except for two aircraft 
which, for special reasons, were flown home 
(one from Amsterdam to London -\irport 
and one from Glasgow to Wisley) without 
passengers and without the use of flaps on 
landing. 

.At a meeting late its the evening of 
March 17 it «as decided that certain pre- 
cautions slionid be takni, especially with 
regard to A'iseonnls which had exceeded 
I-5UII landings. .At that time particular at- 
tention was being paid tu checking holts for 
tightness and instniclions about this, dated 
March 17. were issued by A'ickets to all 
operators; aircraft u'hicli had not exceeded 
).50(J biidings were merelv to have bolts 
liglitcncd but aircraft whieh had exceeded 
I.5U0 landings were to have bolts replaced 
if found to he loose, or in aiis case within 
a further 100 landings. I'liere was at that 
time no instruction for immediate retniii 
to base 01 for special precaution in the use 
of flaps. On March IS A'ickets sent fresh 
instructions to all opcratois, to the follow- 
ing effect: (II on aircraft uhich had not 
yet readied 1.500 landings all bolls from 
liollom fittings of Rap units should be in- 
spcclexl for tightness at the next check 
nearest to 100 Hying hours; loose bolts to be 
tightened and te-locked; (2i on airetalt 
which had exceeded 1,500 but not exctx.xied 
2.5UO landings not more Ilian 20 deg. of 
flap should be used and aircraft should 
return to Irate for immediate leplaccmcnt 
of bolts at flap units 2 and ?; Is) aiteralt 
with oscr 2,500 landings should im- 
mediately return to base using nut more 
than 20 deg. of flap and fit nets- holts on 
all four units. 


B.I'l A. folloised these iustmetiuns. A'is- 
exiuiits nhieh liad exceeded 1,500 landings 
were brought home cinptv and without the 
use of flaps; in fact, all their A’iscoiints 
were brunght in rathei ahead of sciiediilc 
and had afl the bulls from bottom fittings 
of flap units clianged. Ibis was computed 
by March 20. 

On March 10 A’ickets sent to A’iscouiit 
operators n request for return of bolts 
with insttiictions fur identification. It may- 
be mcntiimexl that iin cracks were found in 
holts from any aircraft which had had less 
than 1,51)0 landings but a small crack was 
found ill a il, in. bolt from an aiierafl 
which had had only I.4fi2 landings since 
.Mod, 799. On March 22 A'ickets began 
drawings for a niodifieahon to strengthen 
the support of all the flap units (Mod. D 
2175). On March 2’ A'ickets sent to 
A’iseount operators directions for the in- 
spection of fittings (because altliuugli there 
was no csidcnce of fatigue in the fittings, 
i; was known that the lug had fracliucd 
from a lifting In AA'.E.). By Alarcli 27 the 
first sets of parts for Mod. D 2175 were 
ready and sets for this modification were 
sent out for all A'iscoimts In ahont Mav 1. 
B.E.A. incorporated this modification iri all 
their A'iscounis between April S and June 1. 
A^ickers' Modification 

Mod. D 2175 may be briefly described 
as follows: The Imvcr part of the flap unit 
had rcinfore'ing gussets and angle plates 
added to it. .A fishplate was added on the 
outside of the wing surface so tliat there is 
now an additional and redundant structure 
for carry ing the loads. These additional parts 
ate designed to carry the full lead as if the 
fittings and bolts were not there. 

In addition the designers seorked to low 
stresses to ensure a good fatigue life. Tlic 
fishplate reduces loads in the Irolls to about 
half their original saluc. It is believed that 
this would extend the fatigue life of the 
holts at least ID times. In addition, how- 
ever, the bolts ate to be ciramincd period- 
ically and replaced after specified periods. 
Tile examination is made in tlic lateratory 
and includes a dcsclopmcnt of the raagna- 
flux test w'liich development provides a very 
delicate test for small cracks. .As a fntllicr 
safeguard the clearance of the locking Icsxir 
has been increa.scd so that even if the unit 
did bexxmic detached in the same way as on 
AA'.E. (which is considered to be practically 
impossible) the ailerons would not lock. 

A'ickers lias also inirodneed lor itself and 
its subcontractors the practice of checking 
by a blueing test (whicli is a test for aecu- 
ralc seating) any bolts in an aircraft that 
take tension loads and any bolts in holes 
teamed out on assembly. 

No eriticism w-as made at the he-aring 
of the remedial lUcasnrcs adopted hut it 
was suggested on behalf of the British .Air- 
line Pilots -Assn, that in addition it would 
be desirable that the aileron control cable 
should not pass throngh anv guide on a flap 
niiil. so that il this unit did become de- 
tached, there w'onld be no possibilih of the 
aileron becoming locked. 

I am satisfied that the modifleations made 
as indicated In Ihc last paragraph are siiffi- 
eient for this purpose and there is no prac- 
tical reason for altering the position of the 
fairlead. Ilowcset, il appeared from the 
evidence that there would be no difficulty 
in liaiirig the fairlead on the main struc- 


ture of the wing rather than nn the flap 
unit, and it would be worth while to make 
the alteration if it w-oiild gii-c pilots a sense 

Another submission made on behalf of 
the B..A.I..P. A. was that it would have been 
desirable to cancel all Rights or at least all 
passenger Rights of A iseoimls immcdiatch if 
there was reason to beliese that a stmctiiial 
fault had eaiiscd the accident, niitii a judg- 
ment could he formed as to where the faull 
lay and whether it was something peculiar 

Such a de'dsioii must always be a difficult 
out- tu make and I am not prepared to xai 
that those rcs|xjiisiblc were in cnor in allow- 
ing flights to continue during the first few 
days of the inscstigatieins. It is accepted 
that from March IS onward all necessary 
piccausions were taken. 

CONCLUSIONS AND 
RECOMMENDATIONS 

I concluded that this accident happened 
because: 

• 9/16 ill. bolt broke because it was badiv 

falignedi 

• Aileron became locked when Ihc flap unit 

riioecd away from the trailing edge mem- 

I am atisfied that this was the probable 

that the Ing hxoke lieforc the holt. 

The breaking of the lug was probably an 
indirect result of the fitting having Seen 
machined down to the extent of 0.1 in. 
and of the fitting not having been seated 
close against tlic trailing edge member. It 
was unfortunate that the 0.1 hi. of metal 
was removed. Tile faulty seating of the 
fitting was a serious defect of workmanship. 
Tliis was not cliscosored on inspection and 
it may well he that because of the absc-nce 
of a concession note for the work done on 
the fitting attention was not dircctexl to 
chocking the accuracy of the seating. All 
these matters concern Vickets alone and 
have nothing to do with Saunders-Roe or 
with Marshalls. 

The slew I have formed ahont the severe 
fatigue of the i‘, in. bolt is that it was the 
result of a nnrnbcr of factors. 1 think the- 
magnitude and number of allcrations of 
stress to be expected at the bottom at- 
tachment of Nos. 2 and 3 flap units were 
nndcr-estimated bv the designers. 'Hiis is 
the only way in which the significant inci- 
dence of fatigue in bolls from both these 
units can be acconnied for. 

Secondly, I am satisfied that the method 
of effccliiig Mod. 799 after dclis-eiy made 
it impossible to do the work with as imich 
pre-cision as when the modification ssas 
made ill the course of mannfactnrc. This 
would explain the snbstantbl incidence of 
fatigue in main bolts from bottom fittings 
from units so modified by each of three 


niirdly, 1 have no doubt that the larger 
niiinbcr of landings performed by AA'.E. 
than by nearly all other A'iscoimts is one 
reason why there were bolts in it more 
severely cracked than in any of the others. 

.Additional factors which mas have oper- 
ated in this coiiiuvtion arc that as this was 
the first machine of its type, the maiuifac- 
tnriiig difficnlties would be greater than for 
later models and (though this cannot affect 
the I'i in, bolts) that the use of this aircraft 
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for the spex'ialixesi training of pilots may- 
have involved some additional stress. Lastly, 
I am satisfied that the fanitv seating of the 
head and nut of this partienlar bolt brought 
about the adsance state of fatigue that was 

Because the eoircsponding bolt on the 
poll wing is also out of alignment I do not 
feel that the mal-alignment of the- holt in 
qiic.stion can w-ith anv confidence be at- 
tributed to the fanlly scaling of the fitting. 
It is, how-csrt, possible that the fitting 
sprang sH^htlv when the bolt was removed 
for enlarging the hole and that this led to 
the hole being reamed out of tmc. 

AA'helhei this svis so or not. it Is fair to 
ay that the state of knowledge of these 
matters at the time when the reaming was 
done was not such that those responsible 
could have been expected to know that a 
small error in the aiigmiient eonid lead to 
a great acceleration of fatigue. If this had 
been reali/cd the seating could have been 
submitted tu a te-st known as a "blueing 
test" which would have disclosed the error; 
the norma) practice did not leqnirc such a 

AA'hateie-r mistakes may haix: been made 
in eaiincction with any of the matters 
discussed in this paragraph, t do not con- 
sider that anv of them could properly be 
describex) as a wronglnl act or defanll or 
negligence. 

-As to the locking of the ailerons, nobody 
could base been expected to foresee this 
and neither the placing of the control w-ire 
nor the provision of a fairlead attached to 
the unit could, in mv opinion, he called a 
fault in design. 

Final Conclusion 

In coming to a final coiiclusiuii about the 
cause of this accident, I consider that the 
fatigue of the boll was really the effective 
cause. It was this holt that was designed tn 
carry most of the load and, even if the Ing 
broke first, there is nothing to show that a 
major sliuctnral failure would lias-c oc- 
enned if the bolt had not K-en severely 
fatigued. 

It was, in fact, in such a condition that 
it was bound to break sooner or later, and 
if w-heii it broke the lug was still attached 
by the smaller licit to the trailing edge 
iiicmkcr the Ing and rhe small bolt had 
imposex) on them a load which (although 
according to the evidence they were both 
deemed strong enough to cany- it) it was 
not their function to bear. 

The locking of the ailerons is to be re- 
garded rather as something which made it 
impossible to pres-ent an accident than as 
something whieh (aiised it. In answering 
rlie foniial Questions, I consider it sufficiemt 
tsi specify tlic effective proximate cause of 
the accident. 

Tlic questions put to the court were as 
follow-s: 

• AV’Iiat was the cause of the accident? 

• AA'as the accident due to or contributed 
to by the act or default or negligence of 
any party or any person in the cmploi- of 
that parft? 

The answers of the court are as follows; 

• Cause* of the accident was the Fracture of 
the fa in. bolt holding the bottom of the 
No. 2 starboard flap unit. The fracture 
was due to fatigue. 

• No. 


mendations for the future ean usefully be 
made. Different opinions were expressed at 
the hearing b\ highly qualified witnesses as 
to the general question of the use of holts 
ill tension for supporting inipottant struc- 
tures. N’o absolute rules can be laid down 
as applicable on all occasions and future 
practice must take account of fiitmc dc 
sclopments in kiiow-Icdgc and c?qH.-iiaice. 

1 am. how-cver, impressed with the difli- 
cnltv of calculating the magnitude of the 
alternating stresses on such a holt and how 
often they will oeenr, and I am satisfied 
that until this accident happened it was not 
realised that the precise alignment of such 
bolts might be of great importanic. I have 
considered whether to recommend a 
periodical laboratore- examination for fatigue 
but it appears tliat once there is am- sign 
of fatigue its deielopmciit may be so rapid 
that an effective system of clicckm| wnuld 
hardly be possible and would In any ease 
impose an undue burden on operators, l-'or 
that reason I consider Chat tceommendations 
should be directetl to the avoidance of 
fetigne rather than tn detection :md 
remedial action. 

I therefore recommend: 

• That reliance on a single bolt in tension 
for the support of a prinraiy structure 
should he avoided if possible. 

• Tliat where such bolts arc used an ample 
margin of strength should be allowed 
ihaving regard to the material of which 
the bolt is made) so as to ensure that 
fatigue w'ill not dcs-elop at anv time in 
tlic life of the bolt. 

• That where such bolts ate used the .seat- 
ing of the bolt and nut should be carc- 
fnlly cheeked. 

David Cainis 

R. N. AA'hifc 

S. C. Redshaw 

-A. Thom 


AMC Contracts 

VA'riglit-Pattcrson AFB, Ohio-l'ol- 
lotting is a list of unclassified contracts 
for S25.000 and over as released by the 
•Ait Matciicl Coininand; 



for graduate engineers 

interested in aeijuiring 

SYSTEMS 

EXPERIENCE 



Through intensive formal training 
and assignments of one to two years 
duration, Hughes Field Engineers 
obtain an over-all knowledge of the 
most advanced airborne electronic 
weapons systems in tactical use and 
under development. They become 
familiar with complete systems, in- 
cluding digital computers, microwave 
equipment, high gain parabolic an- 
tennas and analog computers in their 
operational development. 

E,E. or Physics graduates of 
accredited universities may inJgfli- 
gafe by writing; 

lilt U'tsi's tcaiiT in adfimccJ eltoriima 


HUGHES 


Seieilijie and Enjinietfing Sla§ 


Hughts Aifira/r Company 
Culvtr City, California 
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CORPORATION 



The modern-day lookout's masthead is the U.S. 
Navy’s long-range Anti-Submarine aircraft. His 
eyes, electronic. His quarry, unfriendly submarines. 

This mission requires constant and complete 
patrolling of all vital areas in accordance with the 
pre-planned patrol pattern. Pinpoint navigation 
and precise positioning of the aircraft at all times 
is essential. To maximize the navigational capabil- 
ities of the Navy’s “flying patrol,” highly accurate 
True Airspeed Computers, designed and pro- 
duced by Servomechanisms, Inc., are now being 
installed. Utilizing a force balance transducer, 
designed by SMI, the computer has an excep- 
tional accuracy .. .within 2 knots in range of from 
100 to 250 knots. 

This computer is only one of a whole series of 
True Airspeed Computers produced by SMI. 



Completely transistorized True Airspeed Com- 
puter designs for use on aircraft assigned to 
various missions, are also available. These 
computers, which operate over a wide range of 
speeds, exhibit the same high degree of perform- 
ance, accuracy and reliability. 

The computers are another example of Servo- 
mechanisms’ Mechatronic Design Philosophy, 
wherein each major function is accomplished in 
a separate, functionally packaged module. The 
plug-in, pull-out design 
reduces down time to a 
minimum and enables 
semi-skilled personnel to 
maintain this equipment 
by simple substitution 
of the plug-in modules. 
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